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1 General introduction 

GENERAL INTRODUCTION 
Tooth wear 
Tooth wear is a multifactorial condition which leads to the loss of dental hard 
tissue Causes of tooth wear include attrition, abrasion and erosion Attrition 
occurs from tooth-to-tooth contact without the presence of food (e g tooth 
grinding) and typically is characterised by a wear facet that is matched by a 
corresponding facet on a tooth in the opposing arch ' The degree of wear in both 
arches is normally equal12 When dentine is exposed, it remains flat with no 
'cupping' or 'scooping,' and the micro wear detail observed under magnification 
is that of parallel stnations typically occurring within the facet border' 
Abrasion occurs by the friction of exogenous material forced over tooth 
surfaces Although a multitude of foreign bodies (including the toothbrush) can 
cause abrasion, the most common, yet most overlooked, is food (demastication) 
The action of food on a tooth surface is 'non-anatomically specific', that is, the 
action generally occurs over the whole occlusal surface producing a wear area as 
opposed to a facet In contrast to attrition, exposed dentine will scoop ' 
Tooth erosion is the loss of dental hard tissue due to the chemical influence of 
acids without bacterial involvement3 Based on the origin of the acid, tooth erosion 
can be classified as extrinsic, intrinsic or idiopathic erosion according to 
anamnestic information Tooth erosion due to extrinsic acids involves airborne 
acidic contaminates of the working environment, acidic water of some swimming 
pools, acidic medication and dietary acids Dietary acids are the mam causative 
factor for extrinsic tooth erosion Intrinsic tooth erosion is caused by endogenous 
acid, gastric acid contacting the teeth during vomiting, regurgitation or reflux 
Idiopathic tooth erosion is the result of acids of an unknown origin 3 
Clinical appearance of tooth erosion 
The appearance of a smooth silky-glazed, sometimes dull, enamel surface with 
the absence of penkymata and intact enamel along the gingival margin are some 
typical signs of enamel erosion on facial and oral sites " It has been hypothesized 
that the preserved enamel band along the oral and facial gingival margin could 
be due to some plaque remnants, acting as a diffusion barrier for acids This 
phenomenon could also be due to an acid-neutralizing effect of the sulcular fluid 5 
When the erosion advances, a concavity in enamel may develop of which the 
width clearly exceeds its depth The initial features of erosion on occlusal and 
incisai surfaces are the same as the features of enamel erosion on facial and oral 
sites Further progression of occlusal erosion leads to a rounding or cupping of 
the cusps and restorations rising above the level of the surrounding tooth surface 
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In severe cases, the whole occlusal morphology disappears 
Facial erosion can be distinguished from wedge-shaped defects which are 
located at or apical to the enamel-cementum junction The coronal part of 
wedge-shaped defects has a sharp margin and cuts at right angle into the enamel 
surface, whereas the apical part bottoms out to the root surface Thereby, the 
depth of the defect exceeds its width However, the aetiology of such wedge-shaped 
defects may also include erosion 
Erosive tooth wear 
It is well known that the majority of clinical cases of tooth wear do not neatly fit 
into the three classified conditions attrition, abrasion and erosion The different 
forms can occur simultaneously and interact with one and other For example, 
erosion results in the softening of enamel and dentine and may, in combination 
with abrasion and attrition, result m accelerated wear of the teeth This erosion-
facihtated wear is called "erosive tooth wear" The distinction between "tooth 
erosion" as the chemical process and "erosive tooth wear" as the clinically 
manifest wear process is very important, particularly when studying aetiology 
and developing clinical protocols 
Tooth erosion indices 
For reasons of feasibility and cost almost all epidemiological studies use indices 
to score tooth wear The objective of tooth wear indices is to classify and record 
the severity of tooth wear or dental erosion in prevalence and incidence studies 
There are a myriad of indices6 which vary in type of assessment, scale and choice 
of teeth, resulting in non-comparability7 
Most indices are modifications of the early indices by Eccles6 and Smith and 
Knight9 In contrast with the tooth wear index of Smith and Knight,9 the index of 
Eccles8 focuses on the assessment of tooth erosion of non-industrial origin 
Besides criteria for the differentiation of tooth erosion from other forms of tooth 
wear, all erosion indices include criteria for the quantification of hard tissue loss 
The size of the eroded surface is often given as a proportion to the sound tooth 
surface The depth of the erosive lesion is mostly scored as to whether the dentine 
is exposed ,0 Most popular tooth erosion indices are the one used in the British 
Children's National Health and National Diet And Nutrition Surveys",2 and the one 
suggested by Lussi13 The index used in the studies of this thesis is a slight 
modification of the index by Lussi13 according to van Rijkom et al 14 
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In order to provide a simple tool for use m general practice and to allow 
comparison to other more discriminative indices, a new scoring system, the Basic 
Erosive Wear Examination (BEWE) has recently been designed15 The most 
severely affected surface in each sextant is recorded with a four level score and 
the cumulative score classified and matched to risk levels, which guide the 
management of the condition The BEWE claims possibility of re-analysis and 
integration of results from existing studies and, in time, should initiate a consensus 
within the scientific community and so avoid continued proliferation of indices 
Finally, this process should lead to the development of an internationally accepted, 
standardised and validated index 
Prevalence of erosive tooth wear 
A review of epidemiological studies carried out among children in the age range 
9-17 years showed a prevalence of tooth erosion between 11 and 100 percent16 
This wide prevalence range is due to different standards of examination and 
populations Furthermore, these studies often address tooth wear in general and 
not erosion specifically, which makes direct comparisons of the results difficult A 
literature search of prevalence studies revealed a prevalence of tooth wear 
involving the dentin m permanent dentitions among adolescents between 0 and 
54% Most of the studies showed low dentin exposure, a few reported a high 
prevalence17 
The clinical study in this thesis was conducted in the Netherlands and focused 
on erosive tooth wear in adolescents aged 10 to 16 years For these reasons the 
results of Dutch prevalence studies among adolescents are now briefly mentioned 
In the Netherlands, four prevalence studies of tooth erosion, all in The Hague, 
have been performed In the first study, conducted in 1998, smooth bordered 
tooth wear was examined in two age groups" Three percent of the 10- to 
13-year-olds and 30% of the 15- to 16-year-olds had visible smooth-surface wear 
The second study, performed four years later, showed an erosive wear prevalence 
of 23 6% in 12-year-olds1β Two years later a prevalence of 25 0% in the same age 
group was found1 9 The last study, performed in 2008, identified 37 0% of the 
12-year-olds as having erosive wear20 
Incidence and progression of erosive tooth wear 
Longitudinal studies investigating the incidence and progression of erosive tooth 
wear are scarce The incidence of erosive tooth wear is the percentage of the 
population without signs of erosion developing erosion during a given period The 
13 
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definition of progression of erosive tooth wear is the advancement or worsening 
of erosive tooth wear condition, so the percentage of the population with erosion, 
who shows an advancement of already existing erosive lesions and/or show new 
erosive lesions on previously sound tooth surfaces during a given period 
Two studies have investigated tooth erosion in adolescents longitudinally In 
England, a cohort of 1,753 children was examined at the age of 12 and 1,308 of 
these children were re-examined two years later21 At the age of 12, 572 children 
were free of tooth erosion, and of these children 161 developed tooth erosion over 
the subsequent 2 years, constituting an incidence of 28 1% One hundred and 
ninety children who already had erosion at 12 years were recorded as increasing 
their erosion mouth score over 2 years a progression of 25 8% The majority of 
progression cases moved from loss of enamel surface characteristics (earliest 
signs) to deep enamel loss To investigate the incidence of tooth erosion the pre-
orthodontic study models of a total of 1,000 children (mean age 11 4+/-3 3 years) 
were examined on signs of erosion 265 of them were followed over a 5-year 
period using their final orthodontic casts This longitudinal observation revealed 
an incidence of 18% over 5 years 22 
Erosive tooth wear: a multifactorial condition 
In order to control tooth substance loss due to erosive wear it is essential to 
consider its multifactorial nature The presence of acids is a prerequisite for 
erosion, but erosive wear is complex and depends on the interaction of chemical, 
biological and behavioural factors (Figure 1) 232A 
Acidic foods and drinks (e g acidic fruits and vegetables, salad dressings, 
vinegar, alcoholic and non alcoholic beverages, carbonated soft drinks, herbal 
tea, fruit juices) have been considered as the mam extrinsic sources of erosive 
agent3 52123 25 Also some medicines like chewable acetylsahcylic acid and vitamin 
C tablets have erosive potential327 The erosive potential of erosive agents not 
only depends on pH value and type of acid, but is also influenced by its buffering 
capacity, calcium-chelation properties, mineral content and its adhesion to the 
dental surface45 The pH value, calcium, phosphate and fluoride contents 
determine the degree of saturation with respect to tooth mineral Solutions 
oversaturated with respect to dental hard tissue will not cause it to dissolve, while 
under saturation leads to demmeralization 4 
Biological factors such as saliva, acquired pellicle, tooth structure, tooth 
position and its relation to the soft tissue and tongue are related to the pathogenesis 
of erosive wear5 Saliva has been considered the most important biological factor 
14 
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Figure 1 
Factors involved in erosive tooth wear, from Lussi 
in tooth erosion.28 Several salivary protective mechanisms come into play during 
an erosive challenge: dilution and clearance of erosive agent from the mouth, 
neutralization and buffering of acids, and slowing down the rate of enamel 
dissolution through the ion effect by salivary calcium and phosphate." Erosion 
may be associated with low salivary flow and low buffering capacity.4·2628 Saliva 
also plays a role in forming the acquired pellicle2930 which may act as a 
perm-selective membrane, preventing contact between acids and the tooth 
surface.42e"30 
Also behavioural factors, which include excessive consumption of acidic 
foods and beverages, drinking habits like swishing or holding drinks in the 
mouth3'32 and extreme oral hygiene, can play a role in the aetiology of erosive 
wear." Knowing that erosive wear is a combination of erosion, abrasion and 
attrition also other factors than acids should considered. This includes mechanical 
factors such as oral hygiene practices, tooth grinding and occlusal contact. 
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The results of epidemiological studies that investigated the relationship 
between the occurrence of erosion with any of the potential aetiological factors, 
are controversial since some showed no or only a partial relation between potential 
aetiological factors and the occurrence of erosive lesions1'1'13336 whereas others 
reported strong relationships 39 In some studies erosion was found to be positively 
related to yoghurt and other non erosive foodstuffs was found MA0" A reason for 
these contradicting results could be that most epidemiological studies on risk 
factors for erosive tooth wear have been cross-sectional :133639'1"15 Since wear 
accumulates over a long period, longitudinal studies should provide more 
conclusive evidence on the role and interplay of different risk factors for the 
development of erosive tooth wear Considering the multifactorial nature of erosive 
wear data should be analyzed in regression models where factors are corrected 
for all other factors Analyzing the relationship of one factor with erosive wear 
without considering the influence of other factors is likely to introduce 
confounding 
Relevance and objectives of this thesis 
Dietary acids are seen as the most important extrinsic risk factor for erosive tooth 
wear among youngsters During the last decades, the consumption of beverages 
has changed unfavourably The intake of soft drinks has increased, especially in 
male adolescents, whereas the consumption of milk declined 46 On the other 
hand, healthy foods such as fruit were less consumed and their recommenda­
tions were often not met in children " According to Dutch National Food 
Consumption Surveys from 1988 to Ιθθθ,48 the consumption of non-alcoholic 
beverages in children aged 10-16 years increased by 25% whereas fruit intake 
decreased by a similar percentage and was on average less than 100 g per day 
in 1998 Several factors may influence the consumption of beverages and fruit 
Examples of these are exposure and accessibility of foods, modelling behaviour 
of peers and parents, and the physiologic consequences of ingestion i 9 When 
children develop into adolescence the influence of peers becomes larger at the 
expense of parents, and accessibility of unhealthy foods and preference for foods 
may alter 
Early recognition of erosive tooth wear is essential in order to halt further, 
more serious tooth substance loss This requires awareness of initial signs of 
erosive tooth wear and understanding of the aetiology and risk factors for erosive 
tooth wear Comprehensive knowledge of the different risk and protective factors 
is a prerequisite to initiate adequate preventive and therapeutic measures 
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However, current literature on potential risk factors for erosive tooth wear m clinical 
situations, almost solely based on cross-sectional data, provides us with 
inconsistent results Since wear accumulates over time, longitudinal clinical 
studies could offer more decisive evidence 
The mam objective of this thesis was to reveal the aetiology of erosive tooth 
wear in adolescents For this the association of a broad collection of biological 
and behavioural factors and the incidence and progression of erosive tooth wear 
was investigated Additionally, differences in associations between factors and 
the incidence of erosive tooth wear in lower first molars and upper incisors were 
examined This thesis also aimed to estimate the prevalence, incidence, 
progression and distribution of erosive tooth wear among adolescents, and to 
examine age, gender and socio-economic influences In the context of the mam 
objective, also the changes in consumption of beverages, fruits and dairy with 
age in adolescents were studied and whether these changes were the same for 
different gender, socio-economic and ethnic groups 
Outline of the thesis 
All studies in this thesis are based on data gathered in a longitudinal study with a 
follow-up period of three years The children were clinically examined on signs of 
erosive tooth wear at baseline, after 1 5 and 3 years In chapter 2 the thesis opens 
with a study on the findings of the prevalence, incidence, progression, and 
distribution of tooth erosion over a 1 5-year period in sample of children aged 10 
to 12 years Differences in development of tooth erosion between boys and girls 
and between children from different social backgrounds were studied The next 
chapter (chapter 3) includes the results of the final examination at 3 years The 
longer follow-up period led to a larger age variation, which enabled an age based 
analysis So this chapter presents age based prevalence, incidence and 
progression of erosive tooth wear on both a mouth and a tooth level The influence 
of age, gender and socio-economic background was again analysed 
Chapter 4 describes a study that deals with changes m dietary intake of 
children developing 
into adolescence where the influence of peers becomes larger at the expense of 
that of the parents The study focuses on the change in intake of beverages, fruits 
and dairy and looks whether the change is different for boys and girls, for children 
from different social and ethnic background 
To gam insight m the multifactorial nature of erosive tooth wear, the association 
of different biological and behavioural factors with the incidence and progression 
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was studied (chapter 5) Based on the results of the study describes in chapter 3, 
it was hypothesized that the differences seen between lower first molars and 
upper incisors could indicate a difference in aetiology Therefore, the study 
described in chapter 6 investigated associations between factors and the 
incidence of erosive wear in lower first molars and upper incisors, and examined 
whether these associations differ between these locations 
The general discussion (chapter 7) discusses the results, strengths and 
limitations of the conducted studies The results of the different studies are linked 
and the significance and impact of the thesis are discussed Furthermore, 
conclusions and recommendations for further research are given 
18 
GENERAL INTRODUCTION 
References 
1 Kaidonis JA Tooth wear the view of the 
anthropologist Clinical Oral Investigations 2008, 
12S21-S26 
2 Bartlett DW The role of erosion in tooth wear 
aetiology, prevention and management 
International Dental Journal 2005,55 277-284 
3 Imfeld Τ Denial erosion Delimlion. classilication 
and links European Journal of Oral Sciences 
1996,104 151-155 
4 Lussi A, Jaeggi Τ Erosion-diagnosis and nsk 
factors Clinical Oral Investigations 2008,12 S5-S13 
5 Lussi A, Jaeggi T. Zero D The role of diet in the 
aetiology of dental erosion Canes Research 
2004,38 34-44 
6 Bardsley PF The evolution of tooth wear indices 
C/<n/ca/ Oral Investigations 2008,12 S15-S19 
7 Berg-Beckhoff G, Kulschmann M, Bardehle D 
Methodological considerations concerning the 
development of oral dental erosion indexes 
literature survey, validity and reliability Clinical 
Oral Investigations 2008,12 S51-S58 
8 EcclesJD Dental erosion of nomndustnal origin 
A clinical survey and classification Journal of 
Prosthetic Dentistry 1979,42 649-653 
9 Smith BG, Knight JK An index lor measuring the 
wear of teeth British Dental Journal 1984, 
23.156 435-438 
10 Ganss C, Lussi A Diagnosis of erosive tooth wear 
Monographs in Oral Science 2006,20 32-43 
11 O'Brien M Children's Dental Health in the United 
Kingdom 1993 Office of Population Censuses 
and Surveys London Her Maiesty's Stationary 
Office, 1994 
12 Nunn JH, Gordon PH, Morris AJ, Pine CM, 
Walker A Dental erosion-changing prevalence7 
A review of British National childrens' surveys 
International Journal of Paediatnc Dentistry 
2003,13 98-105 
13 Lussi A Denial erosion clinical diagnosis and 
case history taking European Journal of Oral 
Sciences 1996,104 191-198 
14 van Rijkom HM, Trum GJ, Frencken JE, Konig 
KG, van 't Hof MA, Bronkhorst EM, et al 
Prevalence, distribution and background 
variables of smooth-bordered tooth wear in 
teenagers in the hague, the Netherlands Canes 
Research 2002,36 147-154 
15 Bartlett D, Ganss C, Lussi A Basic erosive wear 
examination (BEWE) a new scoring system for 
scientific and clinical needs Clinical Oral 
Investigations 2008,12 S65-S68 
16 Jaeggi T, Lussi A Prevalence, incidence and 
distribution of erosion Monographs in Oral 
Science 2006.20 44-65 
17 Kreulen CM, Van 't Spijker A. Rodriguez JM, 
Bronkhorst EM, Creugers NH, Bartlett DW 
Systematic review of the prevalence of tooth 
wear in children and adolescents Canes 
Research 2010,44 151-159 
18 Trum GJ, van Ri|kom HM, Mulder J, van't Hof 
MA Caries trends 1996-2002 among 6- and 
12-year-old children and erosive wear prevalence 
among 12-year-old children in The Hague 
Canes Research 2005,39 2-8 
19 Trum GJ, Frencken JE, Mulder J, Koolwi|k AJ, 
Jong E Prevalence of caries and dental erosion 
among school children in The Hague from 
1996-2005 Nederlands Tijdschrift voor 
Tandheelkunde 2007,114 335-342 
20 Trum GJ, Frencken JE, Mulder J, Kootwi|k AJ. 
Jong E Tandcanes en tanderosie bi| de Haagse 
leugd in de periode 2002-2008 Epidemiolo­
gisch Bulletin 2009,44 2-9 
21 Dugmore CR, Rock WP The progression of 
tooth erosion in a cohort of adolescents of mixed 
ethnicity International Journal of Paediatnc 
Dentistry 2003,13 295-303 
22 Ganss C, Klimek J, Giese Κ Dental erosion in 
children and adolescents-a cross-sectional and 
longitudinal investigation using study models 
Community Dentistry and Oral Epidemiology 
2001.29 264-271 
23 Bartlett D Intrinsic causes of erosion 
Monographs in OralScience 2006,20 119-139 
24 Serra MC, Messias DC, Turssi CP Control of 
erosive tooth wear possibilities and rationale 
Brazilian Oral Research 2009,23 49-55 
25 Lussi A Erosive tooth wear- a multifactorial condition 
of growing concern and increasing knowledge 
Monographs in Oral Science 2006,201-8 
26 Lussi A, Schaffner M Progression of and risk 
factors for dental erosion and wedge-shaped 
defects over a 6-year period Canes Research 
2000,34 182-187 
19 
CHAPTER 1 
27 Amaechi BT, Higham SM Dental erosion 
possible approaches to prevention and control 
Journal of Dentistry 2005,33 243-352 
28 Hara AT, Lussi A, Zero DT Biological factors 
Monographs in Oral Science 2006,20 ΘΘ-99 
29 Hara AT, Turssi CR Teixeira EC, Serra MC, Cury 
JA Abrasive wear on eroded root dentine afler 
different periods of exposure to saliva in silu 
European Journal of Oral Sciences 2003,111 423-
427 
30 Hara AT, Ando M, Gonzalez-Cabezas C, Cury 
JA, Serra MC, Zero DT Protective effect of the 
dental pellicle against erosive challenges in situ 
Journal of Dental Research 2006,85 612-616 
31 Moazzez R, Smith BG, Bartletl DW Oral pH and 
drinking habil during ingestion of a carbonated 
drink in a group of adolescents with dental 
erosion Journal of Dentistry 2000,28 395-397 
32 Johansson AK, Lmgstrom R Imfeld T, Birkhed D 
Influence of drinking method on tooth-surface 
pH in relation to dental erosion European 
Journal of Oral Sciences 2004,112 484-489 
33 Bartletl DW, Coward PY, Nikkah C, Wilson RF 
The prevalence of tooth wear in a cluster sample 
of adolescent schoolchildren and its relationship 
with potential explanatory factors British Dental 
Journal 1998,184 125-129 
34 Al-Majedl, MaguireA, Murray JJ Risk factors for 
dental erosion in 5-6 year old and 12-14 year old 
boys in Saudi Arabia Community Dentistry and 
Oral Epidemiology 2002,30 38-46 
35 Mathew T, Casamassimo PS, Hayes JR 
Relationship between sports drinks and denial 
erosion in 304 university athletes in Columbus, 
Ohio, USA Canes Research 2002,36 281-287 
36 Arnadotlir IB, Saemundsson SR, Holbrook WP 
Denial erosion in Icelandic teenagers in relation 
lo dietary and lifestyle factors Acta Odontologica 
Scandmavica 2003,61 25-28 
37 Dugmore CR, Rock WP A multifactorial analysis 
of factors associated with dental erosion British 
Dental Journal 2004,196 283-286 
38 Milosevic A, Bardsley PF, Taylor S Epidemio­
logical studies of tooth wear and dental erosion 
in 14-year old children in North West England 
Part 2 The association of diet and habits British 
Dental Journal 2004,197 479-483 
39 Jarvmen VK, Rytomaa II, Hemonen OP Risk 
factors in dental erosion Journal of Dental 
Research 1991,70 942-947 
40 Lussi A, Schaffner M, Hotz Ρ, Suter Ρ Dental 
erosion in a population ot Swiss adults 
Community Dentistry and Oral Epidemiology 
1991,19 286-290 
41 Al-Dlaigan YH, Shaw L, Smith A Dental erosion 
in a group of British 14-year-old school children 
Part II Influence of dietary intake British Dental 
Journal 2001,190 258-261 
42 Millward A, Shaw L, Smith AJ, Rippin JW, 
Harrington E The distribution and severity of 
tooth wear and the relalionship between erosion 
and dietary constituents in a group of children 
International Journal of Paediatnc Dentistry 
1994.4 151-157 
43 Johansson AK, Johansson A, Birkhed D, Omar 
R, Baghdadi S Carlsson GE Dental erosion, 
soft-drink intake, and oral health in young Saudi 
men, and the development of a system for 
assessing erosive anterior looth wear Acta 
Odontologica Scandmavica 1996,54 369-378 
44 O'Sullivan EA, Curzon ME A comparison of 
acidic dietary faclors in children with and without 
dental erosion ASDC Journal of Dentistry for 
Children 2000,67 186-192 
45 Waterhouse PJ, Auad SM, Nunn JH, Steen IN, 
Moymhan PJ Diet and dental erosion in young 
people in south-east Brazil International Journal 
of Paediatnc Dentistry 2008,18 353-360 
46 Johnson RK, Frary C Choose beverages and 
foods to moderate your intake of sugars the 
2000 dietary guidelines for Amencans-whal's all 
the fuss about7 Journal ot Nutrition 
2001,131 S2766-S2771 
47 Yngve A, Wolf A, Poortvliet E, Elmadfa I, Brug J, 
Ehrenblad B, et al Fruii and vegetable intake in 
a sample of 11-year-old children in 9 European 
countries The Pro Children Cross-sectional 
Survey Annals of Nutrition & Metabolism 
2005,49 236-245 
48 Hulshof KF, BrussaardJH.Kruizmga AG, Telman 
J, Lowik MR Socio-economic slalus, dietary 
intake and 10 y trends the Dutch National Food 
Consumption Survey European Journal of 
Clinical Nutrition 2003,57 128-137 
49 Birch LL, Fisher JO Development of eating 
behaviors among children and adolescents 
Pediatrics 1998,101 539-549 
20 
GENERAL INTRODUCTION 
21 

2 A longitudinal study 
of tooth erosion in adolescents 
H El Aid! 
EM Bronkhorst 
GJ Truin 
Department of Preventive and Restorative Dentistry 
Radboud University Nijmegen Medical Centre, Netherlands 
Journal of Dental Research 2008;87:731-735. 
CHAPTER 2 
Abstract 
Incidence studies on tooth erosion among adolescents are scarce. This 
longitudinal study aimed at estimating the prevalence, incidence, progression, 
and distribution of erosion in young adolescents over a 1 5-year period Erosion 
at baseline was present in 32 2% of the 622 children (mean age 11 9±0 9 years) 
and increased to 42 8% over 1 5 years The prevalence of deep enamel or dentin 
erosion increased from 1 8% to 13 3% It was hypothesized that more boys will 
suffer from erosion than girls At baseline, no difference was found (p=0139), 
whereas 1 5 yrs later, more boys showed erosion than girls (p=0 026) Of the 
erosion free children, 24 2% developed erosion Progression of erosion in terms 
of lesion depth and/or in number of lesions was 61 0% and was found more 
frequently in boys than in girls (p=0 034) The distribution of erosion showed a 
predominance of occlusal surfaces of molars, especially the mesiobuccal cusp 
top, and palatal surfaces of upper anterior teeth 
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Introduction 
Tooth erosion is defined as the loss of dental hard tissue due to the chemical 
influence of acids without bacterial involvement1 Erosive tooth loss cannot be 
regarded as pathological perse 2 Erosion becomes pathological when it leads to 
pain, endodontic problems, or loss of function or esthetics The distinction of 
acceptable and pathological tooth erosion at a given age is based upon the 
prediction of whether the tooth will survive the rate of wear3 
A review of epidemiological studies carried out among children in the age 
range 9-17 years showed a prevalence of tooth erosion between 11 and 100% * 
This wide prevalence range is due to different standards of examination and 
populations Furthermore, these studies often addressed tooth wear in general 
and not erosion specifically, which makes direct comparisons of the results 
difficult 
In the Netherlands, only two prevalence studies of tooth erosion have been 
conducted The first study examined smooth-bordered tooth wear in two different 
age groups5 Three percent of the 10- to 13-year-olds and 30% of the 15- to 
16-year-olds had visible smooth-surface wear This suggests that tooth erosion 
increases with age It should be noted, however, that cross-sectional studies are 
not very suitable for investigating the progression or incidence of tooth erosion 
The second study identified 24% of the 12-year-old children as having erosive wear6 
Internationally, two longitudinal studies have been performed to assess the 
incidence of tooth erosion among adolescents In a cohort of 12-year-old children, 
an incidence of 12 3% over 2 yrs was found 7 The longitudinal observation of 
orthodontic study models of adolescents revealed an incidence of 18% over 5 yrs β 
The aim of the present study was to estimate the prevalence, incidence, 
progression, and distribution of tooth erosion over a 1 5-year period in a sample 
of children aged 10 to 12 yrs It was hypothesized that significantly more boys 
would suffer from tooth erosion than girls,5 7 9 as would children with low 
socio-economic status compared with children from other social backgrounds 9 1 0 
To address these issues, we performed an interim analysis after 1 5 yrs of a 
three-year longitudinal study on the etiology of tooth erosion. 
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Materials & Methods 
Sample 
The study sample consisted of regular attendees, aged 10 to 12 yrs, of a pediatric 
dental clinic in Oss, a medium-sized town with 57,300 inhabitants (January, 2005) 
in the central part of the Netherlands Approximately 35% of the 10- to 12-year-old 
children in Oss visit this dental clinic On 1 April 2004, the dental clinic's patient 
records included 1012 children in that age range 
Before conducting the mam etiology study, we carried out a power calculation 
For a multivariate analysis of the relationship between 12 presumed risk factors 
and the presence of tooth erosion, we required a total of 120 incident cases within 
the study period of 3 yrs Assuming an incidence of 7% per year,5 a non-response 
of 20% at baseline, a drop-out of 5% yearly, and 120 incident cases after 3 years, 
we needed to invite 834 children to include 666 persons in the study Since the 
non-response appeared higher than expected (31%), 950 children were invited to 
participate in the study 
The study protocol was approved by Radboud University's research committee 
(CEOM No 2003-207) Informed consent was obtained from the parents or legal 
representatives of all participating children Of the invited children, 656 participated 
in the study The enrolment of participants started in April, 2004, and took 1 year 
After 1 5 yrs, all children, minus 34, were re-examined The mam reason for this 
dropout was that the individuals concerned were no longer registered as patients 
m the dental clinic The socio-economic status (SES, low, medium, and high) was 
based on income, level of education, and house ownership SES was assessed 
based on the children's six-digit residential postal codes For six children, the 
SES could not be assessed 
Clinical investigation 
We performed a full-mouth recording of the buccal, occlusal, and lingual surfaces 
of the permanent and deciduous teeth, using an operating light, mouth mirror, 
and blunt dental probe The teeth were only slightly dried by compressed air if 
excessive saliva was present 
The criteria used for the clinical assessment of tooth erosion were a 
modification5 of the diagnostic criteria developed by Lussi " The tooth erosion 
index codes used m this study were as follows 0 (no visible erosion), 1 (initial 
enamel erosion surface with silky-shining, "melted" appearance, the bottom of 
the lesion is white), 2 (deep enamel erosion more pronounced signs than score 1, 
26 
A LONGITUDINAL STUDY OF TOOTH EROSION IN ADOLESCENTS 
dentin is shining through, light yellow), 3 (dentin erosion, the lesion bottom is yellow) 
For a more detailed assessment of tooth erosion, the occlusal surfaces of 
permanent molars and the palatal surfaces of permanent upper anterior teeth 
were subdivided into several areas Cusp tops and slopes were scored separately 
Palatal surfaces of upper anterior teeth were examined, distinguishing between 
the cervical one-thirds of the surfaces and the remaining parts 
Two examiners conducted the baseline and interim examinations Both examiners 
received training and were calibrated by the examiner who had previously applied 
the index in a study in The Hague (GJT) Independently, the examiners blindly 
conducted duplicate measurements in 11% of the participants 
Statistical analysis 
All analyses were made based on children with full records after baseline and 
1 5-year evaluation (n=622) For statistical procedures, we used SPSS 14 0 The 
Kappa values for mter-exammer agreement on tooth surface and child level were 
calculated At baseline, the kappa value for mter-exammer agreement on tooth 
surface level was 0 65, and that on child level was 0 40 For the 1 5-year evaluation, 
these values were 0 57 and 0 76, respectively All values indicated a fair-to-good 
agreement We used descriptive analyses and logistic regression to ascertain 
gender and socio-economic influences on prevalence, incidence, and progression 
of tooth erosion 
Results 
Prevalence, incidence and progression 
The mean age of the children at baseline was 11 9 years (SD=0 9) The group 
consisted of 51% boys and 49% girls Erosion at baseline was present in 32 2% of 
the children (95%CI [28 5,35 8]) (Table 1) This prevalence increased over 1 5 yrs 
to 42 8% (95%CI [38 9,46 7]) The proportion of children with deep enamel 
erosion increased from 1 8% (95% CI [0 7,2 8]) to 10 8% (95% CI [8 3,13 2]) 
None of the children at baseline had erosion exposing the dentin, at the 1 5-year 
evaluation 2 6% of the subjects (95% CI [1 4,3 8]) showed dentin exposure At 
baseline, the prevalence of tooth erosion did not differ significantly between boys 
and girls (p=0139, OR=1 3, 95%CI [0 9,18]), or between the low- and 
medium-SES groups (p=0112, OR=1 3, 95%CI [0 9,2 2]), or between the low-
and high-SES groups (p=0190, OR=1 4, 95%CI [0 9,16]) At the 15-year 
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evaluation, significantly more boys than girls showed tooth erosion (p=0.026, 
OR=1.4, 95%CI: [1.0;2.0]), as did children with a low SES compared with children 
with a medium (p=0.021, OR=1.5, 95%CI: [1.1;2.2]) or high SES (p=0.018, OR= 
1.7, 95%CI: [1.1;2.7]). For children with erosion at baseline, the mean number of 
affected teeth was 1.73, involving 1.74 tooth surfaces. Over 1.5 years, the mean 
number of affected teeth increased to 3.63, involving 4.01 tooth surfaces. 
Table 1 Tooth erosion scores according to gender and socio-economic 
status (SES) at baseline and 1.5 years later 
No erosion Initial enamel Deep enamel Dentin 
erosion erosion erosion 
Total 
% % 
Baseline 
Totals 
Gender 
Boys 
Girls 
SES 
Low 
Medium 
High 
422 
204 
218 
160 
170 
86 
1.5-year evaluation 
Totals 
Gender 
Boys 
Girls 
S£S 
Low 
Medium 
High 
356 
165 
191 
127 
146 
77 
67.8 
64.7 
71.0 
63.2 
70.5 
71.1 
189 
105 
84 
90 
66 
32 
57.2 
52.4 
62.2 
50.2 
60.6 
63.6 
183 
91 
92 
91 
61 
31 
30.4 
33.3 
274 
35.6 
274 
26.4 
29.4 
28.8 
30.0 
36.0 
25.3 
25.6 
11 
6 
5 
3 
5 
3 
67 
49 
18 
28 
29 
9 
1.8 
1.9 
1.6 
1.2 
2.1 
2.5 
10.8 
15.6 
5.9 
11.1 
12.0 
7.4 
0 
0 
0 
0 
0 
0 
16 
10 
6 
7 
5 
4 
0 
0 
0 
0 
0 
0 
2.6 
3.2 
2.0 
2.8 
2.1 
3.3 
622 
315 
307 
253 
241 
121 
622 
315 
307 
253 
241 
121 
We could not calculate the incidence simply by subtracting prevalence at baseline 
from prevalence at the 1.5-year evaluation, because 36 children (18.0%) who 
showed signs of erosion at baseline did not do so at the 1.5-year evaluation. One 
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hundred and two children (24.2%) free of erosion at baseline developed erosion 
over the subsequent 1.5 yrs (Table 2). The majority of them (88.2%) developed 
only initial enamel erosion. The incidence of tooth erosion did not differ significantly 
(p=0.120, OR=1.4, 95%CI: [0.9;2.3]) between boys and girls (27.9% and 20.6%, 
respectively), or between the low- and medium-SES groups (p=0.150, OR=1.4, 
95%CI: [0.9;2.4]), or between the low- and high-SES groups (p=0.127, OR=1.6, 
95%CI: [0.9;3.1]). 
Table 2 Prevalence, incidence and progression of tooth erosion among 
Dutch adolescents (cross-tabulation is based on the highest erosion 
score per child) 
Highest 
score at 
baseline 
Total 
Highest score at 1.5-year evaluation 
No erosion 
No 
erosion 
Initial 
enamel 
erosion 
Deep 
enamel 
erosion 
Dentin 
erosion 
320 
36 
0 
0 
356 
Initial 
enamel 
erosion 
91c 
91 
1 
0 
183b 
Deep 
enamel 
erosion 
77c 
52" 
4 
0 
67* 
Dentin 
erosion 
0 
icy 
6" 
0 
16" 
Total 
422 
189" 
11' 
0° 
622 
"Prevalent cases at baseline. 
,>
 Prevalent cases at 1.5-year evaluation, 
incident cases. 
" Progression in the form of more advanced lesions. 
The progression of tooth erosion was analyzed for those children who showed 
erosion at baseline (n=200). The percentage of children showing any form of 
progression (increase in lesion depth and/or number of lesions) was 61.0% and 
was significantly (p=0.034, OR=1.8, 95%CI: [1.0;3.3]) higher in boys (67.6%) than 
in girls (52.8%). The progression did not differ significantly between the low- and 
medium-SES groups (p=0.925, OR=1.0, 95%CI: [0.5:1.8]), or between the low-
and high-SES groups (p=0.812, OR=0.9, 95%CI: [0.4;2.0]). 
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Distribution 
In children with tooth erosion, molars (especially the lower ones) and upper 
anterior teeth were predominantly affected (Fig. 1). Lesions In molars were mainly 
located on the occlusal surface, while In upper anterior teeth these were situated 
on the palatal surface. Progression In upper anterior teeth was an Increase In the 
number of lesions, while In lower molars the lesions also got deeper. Erosion on 
palatal surfaces of the upper anterior teeth was equally present on all parts of the 
tooth. 
Figure 1 
Distribution of tooth erosion at baseline and 1.5 years later 
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D Deep enamel erosion (grade 2) 
• Erosion extending into the dentin (grade 3) 
In lower molars cusp tops (especially the meslo-buccal cusp top) were more 
frequently and more severely affected by tooth erosion than were cusp slopes 
(Fig. 2). 
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Figure 2 
The number of affected areas and involvement (%) of deep enamel and dentin 
erosion in lower and upper first molars at baseline and 1.5 years later (occlusal 
surface images adapted from Kono17) 
BASELINE 
% 2 or 3 scores in 
areas with scores > 0 
1.5-year evaluation 
0% 
4-
L 7 5 % 
BASELINE 1.5-year evaluation 
Discussion 
If the progression of tooth erosion is to be halted in an initial stage, early diagnosis 
is essential. However, early diagnosis of tooth erosion, especially for occlusal 
surfaces, introduces the danger of overestimating the tooth erosion problem.12 In 
this study, we examined a group of young adolescents for the presence of tooth 
erosion on all accessible tooth surfaces and found a prevalence of 32.2% at 
baseline, which increased to 42.8% over 1.5 yrs. Regarding the numbers of 
affected teeth, the types of tooth surfaces, and the grades of the lesions, one 
could argue that these children do not suffer severely from erosion. However, 
when taking account of the young age of the children and the progression in 
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prevalent cases, the risk for the development of more advanced erosion is likely 
In the present study, a prevalence of 32 2% was found This is higher than the 
previously reported prevalence of erosion in the Netherlands of 24% 6 In that 
study, only index teeth were examined A two-year longitudinal study revealed a 
prevalence of 56 3% m 12-year-olds, which increased to 64 1% over 2 yrs 7 The 
presence of erosion found in the present study was substantially lower than the 
tooth wear reported previously13 This is probably due to the fact that these authors 
applied the Tooth Wear Index,3'4 which includes pure attrition 
As hypothesized and in agreement with results from other studies,579 a 
significantly higher prevalence of tooth erosion was found in boys than in girls In 
the literature, the influence of socio-economic status is somewhat ambivalent In 
line with reports from other studies,910 the present study demonstrated a 
significantly higher prevalence in children with a low socio-economic status 
compared with other children, while other research groups51516 found more 
erosion m the high category 
All indices for the clinical diagnosis of tooth erosion attempt visual assessment 
of the presence and severity of tooth erosion In a recent study,12 the accuracy of 
the visual diagnosis "dentin exposed" was found to be poor So the validity of 
currently used indices is not fully established The reproducibility between the 
examiners in this study was fair to good However, until now no efforts have been 
made by us or by the working groups that previously used this index, to validate 
the diagnostic criteria and grading 
Incidence is defined as the percentage of the sound population developing 
erosion during a given period The incidence of tooth erosion in this study was 
24 2% When one is analyzing changes in erosion prevalence, regression due to 
measurement errors should also be considered Regression m the present study 
was 18 0%, however, for 86 1% of the children, this involved initial enamel erosion 
on just one tooth surface Nevertheless, to enable articles to be compared, we 
used a simpler estimate of the incidence, being the difference of subsequent 
prevalence With this approach, the incidence in this study was 10 6% This is in 
accordance with our hypothesis Dugmore and Rock7 found an incidence of 
12 3% over 2 yrs 
Since clinicians may fail to see tooth erosion and the difficulty involved in 
halting its progression, it can be expected that, in prevalent cases, erosion will 
progress The progression in the present study was 61 0% and was found to be 
significantly higher in boys than in girls Dugmore and Rock,7 over a two-year 
period, reported a lower progression of 47 7% in 12-year-old children 
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In this study, tooth erosion was predominantly found on palatal surfaces of 
upper anterior teeth and on occlusal surfaces of lower first molars. This is in 
agreement with the findings of Jaeggi and Lussi." A novelty in the present study 
is the detailed assessment of occlusal surfaces of permanent molars and palatal 
surfaces of upper anterior teeth. In first molars, cusp tops, especially the 
mesiobuccal cusp tops, were more often eroded than cusp slopes. A possible 
explanation is that the enamel layer around the cusp tops is thinner.17 The lesions 
on the cusp tops were cup-shaped. In most cases, contact with the antagonists 
during occlusion or dynamic occlusion was no longer present. Therefore, the 
progression of these lesions was not due to attrition, but to erosion and/or 
three-body wear. 
To conclude, in our young study population, severe tooth erosion was not 
found. However, the level of prevalence, especially of incidence and progression, 
raises concern. Therefore, the monitoring of adolescents with initial signs of tooth 
erosion, as well as a high standard of awareness on the part of dental professionals, 
is recommended. 
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Abstract 
Objectives The aim of the present study was to estimate the prevalence, incidence 
and progression of tooth erosion on both mouth and tooth level over a 3-year 
period in a sample of adolescents The study also aimed to investigate age, 
gender and socio-economic influences 
Methods Tooth erosion was recorded three times with 1 5 yrs intervals in a sample 
of 622 children, aged 10-12 years at baseline 
Results Tooth erosion was present in 30 4% of the 11-year-olds, and 44 2% in 
15-year-olds Deep enamel or dentin was eroded in 1 8% of the 11-year-olds and 
in 23 8% of the 15-year-olds Significantly more boys than girls showed tooth 
erosion as did children from a low socio-economic background compared with 
other children The incidence of new tooth surfaces exhibiting erosion, in 
erosion-free children, decreased significantly with age, while the progression in 
children with erosion did not change The incidence of tooth erosion m upper 
incisors and lower first molars decreased significantly with age In upper incisors, 
a statistical significant relationship between SES and incidence was found, with 
lower incidences for higher SES For first molars, only a relationship between 
gender and incidence was found, with a lower incidence for girls 
Conclusions The incidence of new tooth surfaces exhibiting erosion, in 
erosion-free children, decreased significantly with age In children with tooth 
erosion the condition progressed steadily On tooth level the incidence decreased 
significantly with age for upper incisors and lower first molars There was a 
difference in influence of background variables on the incidence of tooth erosion 
between molars and upper incisors 
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Introduction 
Prevalence studies on tooth erosion show varying results A review of epidemio­
logical studies that were carried out among children in the age range 9-17 years 
shows a prevalence of tooth erosion between 11 % and 100% ' This wide prevalence 
range is due to different examination standards used and different non-homoge­
neous groups examined Furthermore, prevalence studies are often not specific 
for erosion, but report tooth wear in general, which makes direct comparisons of 
the results difficult The many cross-sectional prevalence studies on tooth erosion 
in different age samples give an idea about how the presence of tooth erosion 
and age are related Summarizing the results from several epidemiological studies 
involving erosive tooth wear in children and adolescents, Jaeggi and Lussi1 
concluded, that with increasing mean age of the population group examined, 
there is a trend towards more erosive lesions detected However, to gam insight 
into the incidence and progression of tooth erosion longitudinal studies on tooth 
erosion are necessary 
The prevalence of tooth erosion seems to be higher in boys than in girls 2 6 The 
relationship between the presence of tooth erosion and socio-economic status is 
controversial Several studies found that more children with a low socio-economic 
status suffer from tooth erosion compared with other children,267 while other 
research groups report the opposite 3 Θ 9 
Longitudinal studies on tooth erosion are scarce Only three longitudinal 
studies have been performed to assess the incidence of tooth erosion in 
adolescents In a cohort of 12-year-old children, an incidence of 12 3% over 2 yrs 
was found " The longitudinal observation of orthodontic study models of 
adolescents revealed an incidence of 18% over 5 years10 We reported an incidence 
of 24 2% over 1 5 yrs in a sample of 10-12-year-old children 6 
No gender or socio-economic influence on the incidence of tooth erosion was 
found However, progression defined as an increase m lesion depth and/or m 
number of lesions, was 61 0% over 1 5 years in children with erosion and was 
higher in boys than in girls Dugmore and Rock4 reported the development of new 
or more advanced erosive lesions in 27% of the children over 2 years, which was 
significantly higher in white children from deprived socio-economic groups than 
in whites from other social backgrounds 
In an earlier study, we presented the 1 5 years interim results on prevalence, 
incidence, progression and distribution of tooth erosion in a cohort of adolescents 
(mean age 11 9 years) The analyses were based on examination round and 
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mouth level Erosion at baseline was present in 32 2% of the children and 
increased to 42 8% over 1 5 years Of the erosion-free children 24 2% developed 
signs of tooth erosion 6 The present study aimed to estimate the prevalence, 
incidence and progression of tooth erosion on both mouth and tooth level over a 
3-year period, in the same cohort of adolescents The longer follow-up period led 
to a larger variation of ages which enabled an age based analysis The study also 
investigated age, gender and socio-economic influences 
Materials and Methods 
Sample 
In April of 2004 we selected children, aged 10-12 years, of a paediatnc dental 
clinic in Oss, a medium-sized town with 57,300 inhabitants (January 2005) in the 
central part of the Netherlands Approximately 35% of the 10-12-year-old children 
in Oss visited this dental clinic On 1 April 2004, the dental clinic's patient records 
included 1012 children in that age range 
Before conducting the mam aetiology study, we carried out a power calculation 
For a multivariate analysis of the relationship between 12 presumed risk factors 
and the presence of tooth erosion, we required a total of 120 incident cases within 
the study period of 3 years Assuming an incidence of 7% per year,3 a non-response 
of 20% at baseline, a drop-out of 5% yearly and 120 incident cases after 3 years, 
we needed to invite 834 children in order to include 666 subjects in the study As 
the non-response at baseline appeared higher than expected (31%), 950 children 
were invited to participate in the study 
The study protocol was approved by Radboud University's research committee 
(CEOM No 2003-207) Informed consent was obtained from the parents or legal 
representatives of all participating children Of the invited children, 656 participated 
in the study The children were clinically examined for signs of tooth erosion, at 
baseline, after 1 5 years and after 3 years Results of the first two examinations 
have been published recently6 The socio-economic status (SES, low, medium 
and high) was based on income, level of education and house ownership SES 
was assessed using the children's six-digit residential postcodes 
Clinical investigation 
We performed a full-mouth recording of the buccal, occlusal and lingual surfaces 
of the permanent teeth, using an operating light, mouth mirror and blunt dental 
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probe The teeth were only slightly dried by compressed air if excessive saliva 
was present 
The criteria used for the clinical assessment of tooth erosion were a 
modification3 of the diagnostic criteria developed by Lussi11 To distinguish 
between erosive lesions and pure attrition, smooth bordered wear was ascribed 
to tooth erosion, while sharp-bordered faceted wear was seen as pure attrition 3 
The tooth erosion index codes used in this study were as follows 0 (no visible 
erosion), 1 (initial enamel erosion surface with silky-shining, "melted" appearance, 
the bottom of the lesion is white), 2 (deep enamel erosion more pronounced 
signs than score 1, dentin is shining through, light yellow), 3 (dentin erosion, the 
lesion bottom is yellow) 
Two examiners conducted the examinations Both examiners received training 
and were calibrated by the examiner who had previously applied the index m a 
study in The Hague (GJT) To assess the mtra-exammer agreement, 47 duplicate 
measurements in 12-year-olds were carried out in another field study 
Statistical analysis 
At the start of the study 656 children were examined, in the second examination 
round 622 and 572 in the third examination round So for total sample analyses 
1850 records were available The mean interval between the examinations was 
1 5 year (SD=01) For analytical comparisons between two examinations within 
one child, we excluded three cases in which a child was only seen at the first and 
third examination This leaves a total number of 1191 ( = 662 + 572 - 3 ) 
combinations of two successive measurements available for longitudinal analysis 
The mean age of the 622 children at baseline was 11 9 years (SD=0 9) The group 
consisted of 51% boys and 49% girls Records in the age range 10-16 were 
available 
A score for each subject was allocated to the most advanced erosive lesion in 
the mouth (the mouth erosion score) In this study we used the following definitions 
for prevalence, incidence, progression and severity score 
Prevalence is the total number of children with tooth erosion, divided by the 
number of individuals in the study 
Incidence is the percentage of the sound population (mouth erosion score=0) 
developing erosion (mouth erosion score 1, 2 or 3) during a given period 
Progression is the advancement or worsening of a disease, m this study an 
increase in mouth erosion score between two examination rounds in children 
with tooth erosion 
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The severity of the condition in a child with tooth erosion is only partially 
expressed by the mouth erosion score When expressing severity, the number of 
teeth affected by initial, deep enamel and dentin erosion must also be considered 
For this we calculated a severity score 
Seventy score is the number of affected teeth with initial enamel erosion χ 1 
+ number of affected teeth with deep enamel erosion χ 2 + number of 
affected teeth with dentin erosion χ 3 
We used descriptive analyses and logistic/linear regression to ascertain age, 
gender and SES influences on prevalence, incidence and progression of tooth 
erosion on both mouth and tooth level Since the severity score was not normally 
distributed, a linear regression on the log transformed severity score was 
performed 
When a child received treatment, e g , fillings or orthodontic bracket, during 
the 3-year study period and a tooth surface could not be assessed at a given 
examination an "x" was assigned For the analyses the "x" was changed to the 
score the tooth surface had at the prior examination 
The analyses were not organised by the different examination rounds like in 
our previous study,6 but by the age of the child The reason for this was the overlap 
in age of children m the different examination rounds The independent variables 
in the regression models were age centred (adjusted by subtracting 10, the age 
of the youngest child in the study population), gender and SES The length of time 
between two evaluations of 1 5 years was used in the regression models The 
reason for this was that the 1 5-year interval contained more children and age 
groups than the 3-year interval For statistical procedures, we used SPSS 16 0 
(SPSS mc , Chicago, IL, USA) 
While analyzing incidence or progression with logistic regression on tooth 
level, the estimation process for some tooth types failed to converge due to a low 
number of events We did not set a minimum level for incidence or progression for 
logistic regression to be applied, but instead chose to give results only in those 
cases were the estimation process converged 
The kappa value for intra-exammer agreement on tooth level was 0 92 and 
0 86 on mouth level Both values indicated a very good level of intra-exammer 
agreement 
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Results 
Prevalence, incidence and progression on mouth level 
Table 1 shows the prevalence of tooth erosion for different age groups and 
gender The prevalence m 11-year-olds was 30 4%, while tooth erosion was seen 
in 44 2% of the 15-year-olds In Table 1 and Fig 1 the data of the 10-year and 
16-year-olds are not shown, because these age groups were too small The 
percentage of 11-year-olds with deep enamel erosion was 1 8% (95%CI [0 4,3 1]) 
and of exposed dentin 0%, these percentages were higher in 15-year-olds at 
12 6% (95%CI [8 8,16 4]) and 11 2% (95%CI [76,14 8]), respectively 
The increment of the prevalence of tooth erosion and of initial enamel lesions was 
lower for each older age group, while the prevalence of deep enamel or dentin 
erosion was higher (Fig 1) When analyzing for gender and SES influences on the 
prevalence of tooth erosion, significantly more boys than girls had tooth erosion 
(p=0 001, OR=1 4, 95%CI [11,1 7]), as did children from a low socio-economic 
background compared with those from a medium (p=0 002, OR=1 4, 95%CI 
[11,1 7]) or high one (p=0 002, OR= 1 5, 95%CI [1 2,2 0]) 
Table 2 displays the incidence and progression in mouth erosion score for 
different age groups with a mean interval of 1 5 years 61 Children of the 230 who 
were free of tooth erosion at the age of 11 developed tooth erosion over the 
subsequent 1 5 years (incidence= 26 5%) The incidence of tooth erosion at the 
age of 12, 13 and 14 was 15 8, 10 9 and 6 4%, respectively Logistic regression 
analysis showed that the incidence of new tooth surfaces exhibiting erosion, in 
erosion-free children, significantly decreased with age (p<0 001, OR=0 56, CI 
[0 43,0 67]) (Fig 2) and that the incidence of tooth erosion did not differ between 
boys and girls (p=0 223) The incidence m children with a low SES was higher 
than in children with a medium (p=0 018, OR=1 7, 95%CI [11,2 6]) or high SES 
(p=0 016, OR= 2 0, 95%CI [11,3 5]) Table 2 also shows reversals, children 
whose mouth erosion score over the course of the study reduced The overall 
reversal, in children with erosion, is 14 7% The progression of tooth erosion m 
mouth erosion score in 11-year-olds was 36 8%, of the 95 children with tooth 
erosion, 35 developed more advanced lesions over the subsequent 1 5 years 
(Table 2) The progression in mouth erosion score did not significantly change 
with age (p=0 803) (Fig 2) and was higher in boys than girls (p<0 001, OR=2 8, 
95%CI [1 8,4 4]) 
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Figure 1 
Mouth erosion scores according to age 
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Figure 2 
Chances for incidence and progression of tooth erosion over a 1.5-year interval 
related to age at the start of the interval, fitted by logistic regression 
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T a b l e 2 Incidence and progression in mouth erosion score over 1.5 years 
of tooth erosion according to age 
Initial score Mouth erosion score at the end of interval 
11 years 
No erosion 
Initial enamel erosion 
Deep enamel erosion 
Dentin erosion 
Total 
lncidence= 26.5%, progression= 36.8% 
12 years 
No erosion 
Initial enamel erosion 
Deep enamel erosion 
Dentin erosion 
Total 
lncidence= 15.8%, progression= 29.0% 
13 years 
No erosion 
Initial enamel erosion 
Deep enamel erosion 
Dentin erosion 
Total 
lncidence= 10.9%, progression= 31.1% 
14 years 
No erosion 
Initial enamel erosion 
Deep enamel erosion 
Dentin erosion 
Total 
lncidence= 6.4%, progression 
lncidence=b/a χ 100%; progression=d/cx 100%. 
a
 Incident cases. 
6
 Subjects free of erosion at start of interval. 
c
 Subjects showing progression. 
" Prevalent cases. 
No 
erosion 
169 
12 
0 
0 
181 
Initial 
enamel 
erosion 
55 a 
47 
0 
0 
102 
Deep 
enamel 
erosion 
6 a 
25c 
1 
0 
32 
Dentin 
erosion 
0b 
& 
40 
0 
10 
Total 
230b 
ma 
5d 
oa 
325 
Mean age: before 11.6, after 13.1 
202 
30 
0 
0 
232 
33" 
71 
1 
0 
105 
4a 
36= 
6 
0 
46 
1a 
4C 
5C 
2 
12 
240b 
M l " 
VSP 
2 d 
395 
Mean age; before 12.5, after 14.0 
204 
15 
0 
1 
220 
20* 
57 
1 
0 
78 
5a 
23c 
20 
0 
48 
0a 
4c 
20° 
10 
34 
229b 
99d 
4-I d 
11d 
380 
Mean age; before 13.5, after 15.1 
44 
4 
0 
0 
48 
50.0% 
3a 
10 
0 
0 
13 
Mean 
0a 
7e 
2 
0 
9 
age 
0 a 47b 
I e 22" 
9C 11d 
1 1" 
11 81 
; before 14.3, after 15.9 
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For the 11- and 12-year-olds the incidence and progression could also be 
calculated over 3 years For these children the incidence was 27 3% and 20 2%, 
respectively The 3 years progression in mouth erosion score for 11-year-olds was 
56 3% and 44 9% for 12-year-old children 
Table 3 shows that the condition, on average, m a child with deep enamel 
erosion at the age 15 was more severe than in an 11-year-old with deep enamel 
erosion (mean severity score of 7 2 versus 5 3) The progression in severity score 
in children who already displayed signs of tooth erosion was higher m boys than 
Table 3 Seventy score (mean, minimum, maximum, sd) in children with 
tooth erosion according to age and mouth erosion score 
Mouth erosion score 
11 years 
Initial enamel erosion 
Deep enamel erosion 
Dentin erosion 
Total 
12 years 
Initial enamel erosion 
Deep enamel erosion 
Dentin erosion 
Total 
13 years 
Initial enamel erosion 
Deep enamel erosion 
Dentin erosion 
Total 
14 years 
Initial enamel erosion 
Deep enamel erosion 
Dentin erosion 
Total 
15 years 
Initial enamel erosion 
Deep enamel erosion 
Dentin erosion 
Total 
Ν 
98 
6 
0 
104 
147 
15 
2 
164 
111 
44 
12 
167 
83 
46 
18 
147 
60 
37 
33 
130 
Mean 
17 
53 
19 
2 2 
53 
70 
25 
3 3 
54 
8 3 
42 
37 
58 
118 
53 
41 
72 
95 
63 
Minimum 
1 
3 
0 
1 
2 
6 
0 
1 
2 
3 
0 
1 
2 
6 
0 
1 
2 
3 
0 
Maximum 
7 
12 
12 
11 
10 
8 
11 
14 
14 
14 
14 
8 
17 
22 
22 
14 
11 
20 
20 
Sd 
10 
35 
15 
18 
29 
21 
2 5 
2 6 
44 
3 0 
24 
3 6 
41 
4 0 
2 9 
2 6 
44 
4 0 
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in girls (p<0 001) but did not increase with age (p=0 271) There was no difference 
found between the low- and medium SES-groups (p=0 263), or between the low-
and high-SES groups (p=0196) 
Prevalence, incidence and progression on tooth level 
In children with tooth erosion, molars (especially the lower ones) and the upper 
anterior teeth were predominately affected The prevalence of tooth erosion in 
upper incisors was lower than 5% in 11-year-olds and was around 30% in 
15-year-olds Tooth erosion in upper incisors was mainly limited to initial enamel 
lesions In 11-year-olds deep enamel erosion was only seen in 11% of the lower first 
molars, while dentin erosion was not detected At the age of 15, deep enamel 
erosion was also seen, in small percentages, in upper anterior teeth and upper first 
molars, while dentin erosion was mainly observed in lower first molars (6 4%) 
When comparing the prevalence, incidence and progression, no significant 
differences were found between contra-lateral tooth pairs So, in analyzing erosion 
on a tooth level no distinction between left and right was made Table 4 shows the 
incidence and progression of tooth erosion for different tooth types The incidence 
in upper incisors was higher than in molars, for progression the opposite was true 
The incidence of tooth erosion for upper incisors (p<0 047) and for lower first 
molars (p<0 001) decreased significantly with age For upper first molars 
(p=0 010) as well as for lower first molars (p<0 001) significant gender influences 
on the incidence of tooth erosion were seen, the incidence in boys was higher 
than in girls, while no SES influences (p>0100) were found For the upper incisors 
these effects were the opposite, no gender effect (p>0 235), only SES effect 
(p<0 038), the incidence in children with a low SES was higher than in children 
with a medium or high SES The numbers for the upper anterior teeth were too 
small (Table 4) for logistic regression analysis of the progression, this was only 
possible for the first molars No gender (p=0 057) or SES effect (p=0 425) was 
found for the progression in upper first molars For lower first molars a significant 
gender effect was found, the progression of tooth erosion in lower first molars 
was lower m girls than in boys (p<0 001, OR= 0 4, 95%CI [0 3,0 6]) 
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Table 4 Incidence and progression of tooth erosion over 1 5 and 3 years by tooth type and age The number of teeth at 
risk prior to the interval is put in parentheses 
Incidence 
Upper central incisors 
Upper lateral incisors 
Upper cuspids 
Upper first molars 
Lower first molars 
Progression 
Upper central incisors 
Upper lateral incisors 
Upper cuspids 
Upper first molars 
Lower first molars 
11 years 
17 7% (632) 
14 9% (630) 
8 3% (386) 
4 7% (619) 
14 5% (525) 
0% (9) 
0%(7) 
0% (1) 
28 6% (21) 
40 5% (116) 
Over 1.6 years 
12 years 
15 2% (738) 
141% (739) 
11 3% (639) 
1 8% (736) 
10 0% (612) 
0% (55) 
0% (44) 
0% (19) 
16 7% (31) 
31 3% (176) 
13 years 
13 6% (634) 
13 4% (650) 
12 6% (661) 
3 0% (694) 
70% (558) 
1 7% (120) 
3% (100) 
2 2% (46) 
28 6% (35) 
38 8% (178) 
14 years 
4 6% (131) 
6 0% (133) 
5 8% (139) 
79% (140) 
0 9% (111) 
0% (35) 
0% (28) 
0% (26) 
25% (4) 
577% (52) 
Over 3 years 
11 years 
22 6% (576) 
20 3% (571) 
15 2% (348) 
4 6% (561) 
15 7% (477) 
0% (7) 
0% (6) 
0% (200) 
52 4% (21) 
59 4% (106) 
12 years 
23 4% (513) 
22 8% (508) 
20 6% (423) 
5 3% (476) 
141% (411) 
0% (4) 
0%(2) 
0% (84) 
18 8% (16) 
53 4% (103) 
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Discussion 
In the present study we aimed to estimate the prevalence, incidence and 
progression of tooth erosion on both mouth and tooth level over a time period of 
3 years The study also investigated the influence of age, gender and 
socio-economic status on the dynamics of tooth erosion The participants in the 
study were regular attendees of a paediatnc clinic To meet the recommended 
study population size, we invited children of different ages The age at baseline 
varied between 10 and 12 The children were re-examined twice in the subsequent 
3 years Due to the mixed ages in and between the different examinations we 
were able to analyse the data on an age base This resulted m a more detailed 
picture of the dynamics of erosion development, in incidence and progression, 
than a strict group-based analysis could have given Dugmore and Rock" had 
homogenous age groups at baseline and at the follow-up examination 2 years 
later, so the analyses were made between 12- and 14-year-olds Although Lussi 
and Schaffner12 and Ganss et al10 had a mix of ages, they did not consider the 
influence of age on their erosion data 
The study population at baseline consisted of 656 children Ending up with 
572 children at the 3-year evaluation, the loss to follow-up (9 8%) was lower than 
the calculated 15% Each child was assigned a socio-economic status based on 
the residential postcode This is a precise method with a mean of 21 households 
per postcode Comparing the gender distribution (50 6% boys) and SES 
distribution (40 8% low, 38 7% medium, 19 5% high) in the study sample with the 
Dutch population in these age groups (511% boys13, 391% low, 411% medium 
and 19 8% high SES), we found that the distributions were in near accordance 
On mouth level the prevalence of tooth erosion was 30 4% in 11-year-olds, 
38 3% m 12-year-olds and 44 2% in 15-year-olds These prevalence's are higher 
than the ones previously found in the Netherlands In 10-13-year-olds in the Hague 
study, 3% of the subjects showed smooth wear3 In 15-16-year-olds the prevalence 
was 30% A more recent study in The Hague found a prevalence of 24% amongst 
12-year-olds 5 In England, a 2-year longitudinal study revealed a higher prevalence 
of 56 3% in 12-year-olds, which increased to 641% over 2 years" The present 
study showed that the prevalence was higher for each older age group, but that 
the increment of the prevalence was lower for each older age group The 
percentage initial enamel erosion was lower for older age groups, while the 
percentages of deep enamel and dentin erosion was higher These results showed 
that the seventy of tooth erosion increased with age, while there was a group of 
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children that stayed free of tooth erosion while getting older In agreement with 
results from other studies2 6 a significantly higher prevalence of tooth erosion was 
found in boys than in girls The present study also demonstrated a significantly 
higher prevalence in children with a low socio-economic status compared to 
children from higher SES categories, supporting some other reports 267 
When analyzing changes in erosion, one should also consider the reversals, 
which are due to measurement errors The reversal, over all the age groups, was 
14 7%, however for 96 8% of the children, the mouth erosion score dropped from 
one to zero The results of Dugmore and Rock" show a reversal in 12-year-old 
children, m children with erosion, of 7 5% over 2 years 
The incidence of tooth erosion over 1 5 years, expressed as a percentage of 
the sound population developing tooth erosion, was 26 5% in 11-year-olds and 
6 4% in 14-year-olds, decreasing significantly with age This also indicates that a 
part of the adolescent population will stay free of tooth erosion Dugmore and 
Rock" showed an incidence of 28 1% (when expressing new cases of tooth erosion 
as a fraction of the sound population instead of the total population) m 12-year-olds 
over 2 years In the present study lower incidences for 12-year-olds were found, 
15,8% over 1 5 years and 20 2% over 3 years Ganss et a l , 0 showed an incidence 
of tooth erosion in permanent teeth of 18% in a mixed age group, 8-12-year-olds, 
over 5 years This study showed a higher incidence m children with a low SES 
compared to children from other SES groups, but no gender influence was found 
No other longitudinal study reports on differences in incidence between boys and 
girls or between socio-economic groups Dugmore and Rock4 reported on 
significant incidences in subgroups divided by gender, social deprivation and 
ethnicity, but not on differences in incidence between the subgroups 
In the present study the progression of tooth erosion in children was studied 
for both the increase in mouth erosion score as well as in severity score The 
severity score also considers the number of affected teeth This enables us for 
example to differentiate between children with only one erosive lesion and those 
with multiple lesions Children with mouth erosion score "3" (dentin erosion) 
cannot, in the scoring system used in the study, show progression in mouth 
erosion score but can do so in severity score The progression of tooth erosion in 
both mouth erosion and severity score stayed stable with increase in age, meaning 
that the condition in children with tooth erosion worsened steadily The progression 
in tooth erosion was significantly higher in boys than in girls but did not differ 
between the SES groups Dugmore and Rock4 found that the development of new 
and more advanced lesions was significantly higher in white children from 
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deprived socio-economic groups than in whites from other social backgrounds 
Although in children with erosion the severity of erosion increases with age the 
signs of tooth erosion stayed confined in upper anterior teeth and first molars 
(especially the lower ones) Dentin erosion was found most in lower first molars, 
while in upper anterior teeth with erosion the initial stage in enamel was mainly 
seen 
This is the first study that reported on the relationship between background 
characteristics of the study subjects and the development of tooth erosion on 
tooth level The incidence of tooth erosion in upper incisors and in lower first 
molars decreased significantly with age The determinant gender influenced the 
incidence of tooth erosion in first molars, boys showed a higher incidence than 
girls No SES-influence on the incidence in first molars was found For upper 
incisors no gender influence was found, only an SES effect the incidence in 
children with a low SES was higher than in children from other SES groups These 
clear differences in relationship between incidence and background variables 
between molars and upper incisors could indicate a difference in aetiology van 
Rijkom et a l 3 suggested that the bite force could explain the difference found m 
prevalence of erosive tooth wear between boys and girls One could imagine that 
bite force plays a bigger role in the erosion experience of molars rather than in 
anterior teeth In anterior teeth the effect of differences in food consumption in the 
aetiology may play part through the socio-economic background These 
suggestions need further investigation 
Conclusions 
This 3-year longitudinal study showed that the incidence of new tooth surfaces 
exhibiting erosion, in erosion-free children, decreased significantly with age The 
incidence was significantly higher in children with a low SES than in children from 
other SES categories In children with tooth erosion the condition progressed 
steadily Tooth erosion progressed significantly faster in boys than in girls On 
tooth level the incidence decreased significantly with age for upper incisors and 
lower first molars There was a difference in influence of background variables on 
the incidence of tooth erosion between molars and upper incisors 
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CHAPTER 4 
Abstract 
Objectives The objective of this study was to investigate changes in consumption 
of beverages, fruits and dairy with age in adolescents And whether these changes 
are the same for the different gender, socio-economic and ethnic groups 
Methods 656 Subjects from a dental clinic participated m a 3-yr longitudinal 
study on the aetiology of tooth erosion The subjects completed a food frequency 
questionnaire every half year about the consumption of foods and drinks related 
to tooth erosion consumed the previous day The mean age at baseline and at 3 
year follow-up were 11 9 and 15 0 years, respectively 
Results Mam findings of this study were that with age, the overall mean 
consumption of beverages significantly declined by 015 glasses per day/ year 
(p<0 001) This decline was significantly larger in girls than in boys (p=0 003) 
The consumption of carbonated soft drink increased significantly with age in boys 
(p=0 004) and in high SES children (p=0 003) when compared to girls and low 
SES children, respectively The overall fruit consumption declined significantly 
with age by 011 portion per day/ year (p<0 001) This decline was larger in the 
non-western than in the western group (p=0 036) With age, the overall dairy 
consumption declined significantly by 0 30 intake per day/year (p<0 001) 
Conclusions Overall our results indicate that during a relatively short period of 
time the intake of beverages, fruit, and dairy products changed negatively with 
regard to health And that health promotion programs must be tailor made in 
order to address the differences found in intake between different groups 
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Introduction 
The prevalence of overweight in children and adolescents in the Netherlands is 
on average 13.2% and that of obesity 3.1%.' Although the problem is less severe 
than in the United States or in some other European countries, weight management 
in Dutch children and adolescents is critical in order to prevent chronic diseases 
resulting from obesity.2 Carbohydrate rich foods and beverages, particularly 
carbonated soft drinks, are associated with higher energy intake and weight 
gain.3 Also, 100% fruit juices and sweetened fruit drinks can be considered as 
potential important sources of energy," whereas consumption of milk and fruit 
may be inversely associated with obesity.5·6 
During the last decades, the consumption of beverages has changed 
unfavourably. The intake of soft drinks has increased, especially in male 
adolescents, whereas the consumption of milk declined.7 On the other hand, 
healthy foods such as fruit were less consumed and their recommendations were 
often not met in children.8 According to Dutch National Food Consumption 
Surveys from 1988 to 1998,9 the consumption of non-alcoholic beverages in 
children aged 10-16 years increased by 25% whereas fruit intake decreased by a 
similar percentage and was on average less than 100 g per day in 1998. 
Several factors may influence the consumption of beverages and fruit. 
Examples of these are exposure and accessibility of foods, modelling behaviour 
of peers and parents, and the physiologic consequences of ingestion.10 When 
children develop into adolescence the influence of peers becomes larger at the 
expense of parents, and accessibility of unhealthy foods and preference for foods 
may alter. For example, it was shown that sweet taste and sugar consumption 
dropped sharply at age 12-14 years." This finding was more marked for girls than 
for boys.12 
No recent data on the food consumption among adolescents in the Netherlands 
are available. To gain an insight into the consumption of beverages, fruits and 
dairy, data collected in a 3-year longitudinal study on the aetiology of tooth 
erosion were used. Tooth erosion is the loss of dental hard tissue due to the 
chemical influence of intrinsic (e.g. gastric acid) or extrinsic (e.g. acidic foods and 
beverages) acids without bacterial involvement.13 The aim of the present study 
was to investigate changes in consumption of beverages, fruits and dairy with 
age in adolescents. And whether these changes are the same for the different 
gender, socio-economic and ethnic groups. 
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Materials & Methods 
Subjects 
The study subjects were selected for a 3-year longitudinal study on the aetiology 
of tooth erosion The subjects were clinically examined on signs of tooth erosion, 
at the start of the study, after one and a half years14 and after three years15 The 
subjects were asked to complete a food frequency questionnaire every half year 
The study sample consisted of regular visitors, aged 10 to 12 years at intake, of a 
paediatnc dental clinic in Oss, a medium-sized town with 57,300 inhabitants 
(January 2005) in the Netherlands Approximately 35% of the 10- to 12-year-old 
children m Oss visited this dental clinic On 1 April 2004, the dental clinic's patient 
records included 1,012 children in that age range According to a power calculation 
conducted for investigating the aetiology of tooth erosion, we needed to invite 
834 children in order to include 666 Since the non-response appeared higher 
than expected, 950 children were invited of which 656 agreed to participate 
The study protocol was approved by Radboud University's research committee 
(CEOM No 2003-207) Informed consent was obtained from the parents or legal 
representatives of all participating children 
The socio-economic status (SES, low, medium and high) was determined 
based on income, level of education and house ownership SES was assessed 
using the children's six-digit residential postal codes For one child the SES could 
not be assessed due to missing postal code 168 Children had a non-western 
background, of these children 87 7% were from Turkish origin 
Questionnaire 
To collect information on the diet of the subjects, a food frequency questionnaire 
specially designed to investigate the consumption of food items related to tooth 
erosion in adolescents was developed According to current knowledge foods 
with a high acidity (e g , carbonated soft drinks, fruits) promote tooth erosion, 
while a protective effect from products with a high level calcium and phosphate 
(e g , dairy) can be expected On the base of the effect of the products on tooth 
erosion, products with similar effect were groups together in one question For 
example all regular and light carbonated soft drinks were asked about in one 
question, because a similar effect on tooth erosion was expected The questions 
enquired about the consumption of the previous day The subjects answered the 
questions by yes or no If yes, the subjects indicated how many glasses or 
portions they had 
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The reliability and comprehensibility of the questionnaire were pretested in a pilot 
study among high school children in 2002 (n=39), who were asked to complete 
the questionnaire four times with a two week interval. The reliability coefficients 
(Cronbach alpha's) regarding the mean consumption of the distinguished acidic, 
neutral and protective foods and drinks with regard of tooth erosion for the four 
questionnaires ranged between 0.70 and 0.89. 
The children were asked to fill in the questionnaire at the paediatric dental clinic 
twice a year. Most children received help from the accompanying parent or 
guardian. 
Statistical analysis 
Of the 656 children who participated in the study, 649 children returned one or 
more completed questionnaires. In total the database contained 4230 questionnaires. 
All analyses were based on children with at least 3 completed questionnaires 
(n=628). Together these children completed 4199 questionnaires. Based on the 
available diet information at different time points, for each child and each food 
product linear regression was applied with age as an independent and the 
consumption as a dependent variable. The main outcome of this was the slope of 
the regression lines. To analyse the influence of gender, SES and ethnicity on the 
slope (Aconsumption/age) multiple linear regression analyses were applied. To 
facilitate comparison with cross-sectional studies, the mean consumption for the 
different foods and drinks at 12 (mean age at baseline) and 15 yrs (mean age at 
the final clinical examination) was deduced from the individual regression lines. 
To analyse the influence of gender, SES and ethnicity on the mean consumption 
at these ages multiple linear regression analyses were applied. For all statistical 
procedures, we used SPSS 16.0. 
Results 
The group consisted of 51% boys and 49% girls. The mean age at baseline and at 
3 year follow up were 11.9 (sd=0.5) and 15.0 (sd=0.5) years, respectively. Figure 1 
shows the number of completed questionnaires per child, which ranged from 3 
to 9. The mean number of completed questionnaires was 6.7 (sd=1.2). 
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Figure 1 
Number of completed questionnaires per age group 
The SES distribution was as follows: 19.3% high, 39.6% medium, and 41.1% low 
(table 1). The SES of one child was missing. Of the study population 73.2% had a 
western ethnicity. A large part of the children with a non-western ethnicity had a 
low SES, 76.2%. Gender was equally distributed over the SES groups (Pearson 
chi square; p=0.298) and over the ethnic groups (Fisher's exact test; p=0.791). 
Table 1 Distribution of gender over socio-economic groups and ethnicity 
Socio-economic status (SES) 
High Medium Low 
Ethnicity 
Western Non-
western 
Boys 
Girls 
Totals 
Ν 
55 
66 
121 
% 
17.3 
21.4 
19,3 
Ν 
124 
124 
248 
% 
39.0 
40.1 
39.6 
Ν 
139 
119 
258 
% 
43.7 
38.5 
41.1 
Totals 
318 
309 
627 
Ν 
236 
224 
460 
% 
74.0 
72.5 
73.2 
Ν 
83 
85 
168 
% 
26.0 
27.5 
26.8 
Totals 
319 
309 
628 
SES of one child is missing. Gender is equally distributed over the SES groups (Pearson chi square; 
p=0,298) and over the two ethnicities (Fisher's exact test; p=0,791). 
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Tables 2a and 2b show the mean consumption of beverages, fruit juice, fruits and 
dairy in number of glasses/ portions among 12-year-olds and 15-year-olds for the 
different gender, socio-economic and ethnic groups. Table 3 displays the overall 
mean consumption change with age per year and whether this change is 
significant. Multiple linear regression analyses were conducted to find out if the 
mean consumption at both ages and the change in consumption with age were 
the same for different gender, socio-economic and ethnic groups. 
Beverages 
The mean beverage consumption was significantly higher in boys than in girls in 
both 12 and 15-year-olds (p=0.043) (Table 2a and 2b). In 12-year-olds the 
consumption of beverages was significantly lower in children with a high and 
medium SES than children with a low one (p=0.021 and p=0.043, respectively). 
At the age of 15, western children consumed significantly more beverages than 
non-western children (p=0.007). With age, the overall mean consumption of 
beverages significantly declined by 0.15 glasses per day/year (p<0.001) (Table 3). 
This decline was significantly larger in girls than in boys (p=0.003). 
Acidic whey-based drinks 
With age, the overall acidic whey-based drink consumption declined significantly 
by 0.02 glass per day/ year (p=0.026). No significant difference between the 
groups, in decline and mean consumption at both ages, was found. 
Carbonated soft dinks 
In 12-year-olds, the carbonated soft drink consumption was significantly higher in 
both high and medium SES groups compared to low SES group (p<0.001 and 
p=0.027, respectively). In 15-year-olds, boys drank significantly more carbonated soft 
drinks than girls (p<0.001), on average the difference was 0.54 glass per day. 
15-year-old children with a western ethnicity consumed significantly more carbonated 
soft drinks than 15-year-olds with a non-western ethnicity ( p=0.009). The change of 
carbonated soft drink consumption with age significantly differed between boys and 
girls (p=0.004) and between children with a high SES and children with a low SES 
(p=0.003). Between the age of 12 and 15, the mean consumption of carbonated soft 
drinks in boys increased by 0.16 glass/day, in girls it dropped by 0.15 glass/day. 
Between these ages the mean consumption of this beverage increased in children 
with a high SES from 0.92 to1.26 glass per day, while in children with a low SES this 
consumption decreased from 1.42 to 1.23 glass per day. 
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Table 2a The mean number of glasses/ portions per day and standard deviation of beverages, fruit juice, fruits and dairy 
for gender, socio-economic status (SES) and ethnicity at 12 years 
Beverages 
Acidic whey-based drink 
Carbonated soft drink 
Ice tea 
Fruit lemonade 
Lemonade squash 
Energy/ Sports drink 
Alcoholic mixed drink 
Fruit juice 
Fruits 
Dairy 
Gender 
Boy 
3 52 (2 33)* 
0 09 (0 41) 
1 34 (1 36) 
0 61 (1 00) 
0 69 (0 89) 
0 55 (0 97) 
0 22 (0 60)· 
0 01 (019) 
0 48 (0 68) 
1 27 (1 01) 
2 06 (1 32) 
Girl 
318(1 96) 
011 (0 37) 
115(113) 
0 58 (1 09) 
0 75(0 91) 
0 46 (0 92) 
013(0 38) 
0 00(015) 
0 52 (0 73) 
1 26 (110) 
1 91 (1 25) 
SES 
High 
311 (2 09)· 
0 08 (0 30) 
0 92(113)* 
0 63 (1 05) 
0 77 (0 90) 
0 59 (1 03) 
012(0 41) 
0 00 (016) 
0 54 (0 89) 
119 (1 00) 
2 21 (1 30) 
Medium 
3 27 (1 84)* 
0 06 (0 35) 
1 24 (1 24)' 
0 55 (1 04) 
0 74 (0 90) 
0 53 (0 95) 
015(0 46) 
0 00(013) 
0 50 (0 70) 
117(0 88) 
2 08 (1 35) 
Low 
3 59 (2 33) 
014 (0 45) 
1 42 (1 24) 
0 63 (1 05) 
0 69 (0 82) 
0 45(0 90) 
0 23 (0 57) 
0 02 (0 21) 
0 48(0 61) 
1 39 (1 21) 
1 78 (118) 
Ethnicity 
Western 
3 36(219) 
0 07 (0 32) 
1 25 (1 34) 
0 52 (0 97)' 
0 72 (0 92) 
0 62 (1 OS)* 
017(0 52) 
0 00(016) 
0 50 (0 74) 
1 09 (0 87)· 
217(130)· 
Non-western 
3 32 (2 09) 
017(0 53) 
1 22 (0 99) 
0 80 (1 20) 
0 71 (0 85) 
019(0 44) 
0 21 (0 45) 
0 02 (0 20) 
0 50(0 61) 
1 74 (1 32) 
148(111) 
" The difference in mean consumption between groups is signilicant. p<0 05 In SES groups, both high and medium were compared with low SES 
Table 2b The mean number of glasses/ portions per day and standard deviation of beverages, fruit juice, fruits and dairy 
for gender, socio-economic status (SES) and ethnicity at 15 years 
averages 
Acidic whey-based drink 
Carbonated soft drink 
Ice tea 
Fruit lemonade 
Lemonade squash 
Energy/ Sports drink 
Alcoholic mixed drink 
uit juice 
ults 
ïiry 
Gender 
Boy 
3 37 (2 22)* 
0 05(0 28) 
1 54 (1 56)· 
0 65 (0 94)' 
0 42 (0 88) 
0 34 (0 78) 
0 29 (0 54) 
0 07 (0 56) 
0 28 (0 55)* 
0 85 (1 05) 
1 14 (1 23) 
Giri 
2 39(161) 
0 06 (0 29) 
1 00 (0 88) 
0 43 (0 85) 
0 41 (0 67) 
0 25 (0 67) 
0 22 (0 47) 
0 03(018) 
0 50 (0 69) 
0 99 (0 97) 
1 03 (1 10) 
SES 
High 
2 83 (1 85) 
0 01 (019) 
1 26 (1 19) 
0 49 (0 85) 
0 51 (0 72) 
0 36 (0 71) 
017(0 42) 
0 03 (017) 
0 47 (0 70) 
0 94(0 78) 
1 35 (1 OS)-
Medium 
2 91 (1 93) 
0 08 (0 32) 
1 32 (1 34) 
0 50 (0 86) 
0 43 (0 83) 
0 28 (0 68) 
0 25 (0 48) 
0 04(019) 
0 36 (0 62) 
0 88 (0 90) 
1 22 (1 21)· 
Ethnicity 
Low 
2 87 (212) 
0 05 (0 28) 
1 23 (1 31) 
0 60 (0 97) 
0 34 (0 73) 
0 28 (0 78) 
0 30 (0 57) 
0 07(0 62) 
0 37 (0 62) 
0 95 (1 20) 
0 83(115) 
Western 
3 01 (2 07)· 
0 05 (0 29) 
1 36 (1 37)· 
0 54 (0 91) 
0 42 (0 80) 
0 35 (0 79)' 
0 22 (0 47)· 
0 06(0 46) 
0 39 (0 64) 
0 83 (0 85)* 
1 23 (118)· 
Non-western 
2 54 (1 78) 
0 05(0 27) 
1 03 (1 04) 
0 55 (0 88) 
0 39 (0 73) 
014(0 47) 
0 35 (0 60) 
0 03 (0 29) 
0 39(0 61) 
118 (1 34) 
0 70 (1 04) 
The difference in mean consumption between groups is significant, p<0 05 In SES groups, both high and medium were compared with low SES 
Table 3 The overall mean change with age of beverage, fruit juice, fruit and dairy consumption And results of multivariate 
logistic regression analyses, p-values, effects and their 95% confidence intervals of gender, socio-economic sta­
tus (SES) and ethnicity (effects in bold are statistically significant) 
Beverages 
Acidic whey-based drink 
Carbonated soft drink 
Ice tea 
Fruit lemonade 
Lemonade squash 
Energy/ Sports drink 
Alcoholic mixed drink 
Fruit juice 
Fruits 
Dairy 
Gender 
Overall mean change boys= 
with age per year 
(p-value) 
Ρ 
-015(<0.001) 
-0 02 (0.026) 
0 01 (0 647) 
-0 02(0 252) 
-010(<0.001) 
-0 07 (<0.001) 
0 03 (0.001) 
0 01 (0.001) 
-0 04 (0.003) 
-Oil (<0.001) 
-0 30 (<0.001) 
0.003 
0 805 
0.004 
0 069 
0 622 
0 911 
0 925 
0 600 
0.012 
0181 
0 910 
0; girls=1 
Effect 
-0.20 
-0 34 -0 07 
-0 00 
-0 03 0 02 
-0.12 
-0 20 -0 04 
-0 06 
-0125 0 01 
-0 02 
-0 08 0 05 
-0 00 
-0 06 0 05 
0 00 
-0 04 0 04 
-0 01 
-0 03 0 02 
0.06 
0 01 011 
0 05 
-0 02 012 
0 01 
-0 08 0 09 
SES 
High vs 
Ρ 
0179 
0 839 
0.003 
0 075 
0 408 
0 753 
0 660 
0 312 
0 964 
0 756 
0 297 
.Low 
Effect 
013 
-0 06 
-0 00 
-0 04 
0.18 
0 06 
-0 09 
-018 
0 04 
-0 05 
0 01 
-0 07 
0 01 
-0 05 
-0 02 
-0 05 
0 00 
-0 07 
0 02 
-0 09 
0 06 
-0 06 
0 33 
0 04 
0 29 
0 01 
013 
0 09 
0 07 
0 02 
0 07 
013 
019 
Medium vs. Low 
ρ Effect 
0 226 
0102 
0 081 
0 219 
0 576 
0 906 
0 293 
0 323 
0 557 
0 833 
0 238 
010 
-0 06 0 26 
0 03 
-0 01 0 06 
0 08 
-0 01 018 
-0 05 
-013 0 03 
0 02 
-0 05 010 
0 00 
-0 06 0 07 
0 025 
-0 02 0 07 
-0 014 
-0 04 0 01 
-0 02 
-0 08 0 04 
0 01 
-0 08 010 
0 06 
-0 04 016 
Ethnicity 
Western=0, Non-
western =1 
ρ Effect 
0 396 
0116 
0 535 
0.004 
0 755 
0.027 
0126 
0 099 
0 791 
0.036 
0127 
-0 07 
-0 24 0 09 
-0 03 
-0 06 0 01 
-0 03 
-013 0 07 
-0.12 
-0 20 -0 04 
0 01 
-0 07 0 09 
0.08 
0 01 015 
0 04 
-0 01 0 09 
-0 02 
-0 05 0 00 
-0 01 
-0 07 0 05 
-0.10 
-0 20 -0 01 
0 08 
-0 02 018 
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Ice tea 
The mean consumption of ice tea in 12-year-olds was significantly higher in 
non-western than in western children (p=0.003). In 15-year-olds, this consumption 
was significantly higher in boys than in girls (p=0.002). The change in ice tea 
consumption with age significantly differed between ethnic groups (p=0.004) 
Between the age of 12 and 15, the mean consumption of ice tea in western children 
increased by 0.02 glass/day, in non-western children it dropped by 0.25 glass/day. 
Fruit lemonade 
The consumption of fruit lemonade wasn't different between the groups at both 
ages. The overall mean consumption of this product dropped significantly with 
age by 0.10 glass per day/ year (p<0.001). 
Lemonade squash 
Among both 12- and 15-year-olds the consumption of lemonade squash was 
significantly higher in western than in non-western children (p<0.001 and p=0.001, 
respectively). The overall mean consumption of lemonade squash decreased 
significantly with age by 0.07 glass per day/ year (p<0.001). This decrease was 
significantly larger in the western than non-western group (p=0.027); the decrease 
between 12 and 15 years was 0.35 glass/day for the western and 0.05 glass/ day 
for the non-western group. 
Energy/sports drink 
The difference in mean consumption of energy/ sports drink between 12-year-old 
boys and girls was significant; boys drank 0.09 glass/ day more than girls (0.043). 
In 15-year-old children the consumption of this product was significantly higher in 
western than in non-western children (p=0.033). The overall mean consumption 
of energy/ sports drink increased significantly with age by 0.03 glass per day/ 
year (p=0.001). 
Alcoholic mixed drink 
The mean consumption over all groups increased significantly by 0.01 glass/ year 
(p=0.001). 
Fruit juice 
Among 15-years-old girls the consumption of fruit juice was significantly higher 
than among 15-year-old boys (p<0.001); on average these girls drank 0.50 glass 
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of fruit juice per day, while boys drank 0 28 glass per day The overall mean 
consumption of fruit juice decreased significantly with age by 0 04 glass per day/ 
year (p=0 003) This decrease was significantly higher in boys than in girls 
(p=0 012) Between the age of 12 and 15 the drop of fruit juice consumption in 
boys (-0 20 glass/ day) was a 10-fold of the drop in girls (-0 02 glass/ day) 
Fruits 
The mean consumption of fruit in 15-year-olds was lower in all gender, 
socio-economic and ethnic groups than in 12-year-olds In 12-year-olds the mean 
consumption the intake varied between 1 09 and 1 74 portion per day, with the 
highest mean intake in non-western children The mean intake of fruit in 
15-years-olds varied for all groups except for the non-western group below 1 
portion per day, between 0 83 and 0 99 In both age groups the consumption of 
fruits was significantly higher in non-western than m western children (p<0 001) 
With age, the overall fruit consumption declined significantly by 011 portion per 
day/year (p<0 001) This decline was larger in the non-western than in the western 
group (p=0 036) In the non-western group, the consumption of fruit dropped by 
0 56 portion per day between the age of 12 and 15, for the western group this 
drop was 0 26 portion per day 
Dairy 
In 12- and 15-year-olds the consumption of dairy was significantly higher in western 
than in non-western children (p<0 001 and p=0 001, respectively) In 15-year-olds, 
the dairy consumption was significantly higher in both high and medium SES groups 
compared to low SES group (p=0 005 and p=0 017, respectively) With age, the 
overall dairy consumption declined significantly by 0 30 glass/day/year (p<0 001) 
This decline was not different between the groups 
Discussion 
The strength of the study is that we succeeded to include a relatively large number 
of children from a low socio-economic and non-western background It is often 
difficult to include these children m a nutrition survey In this study we were also 
able to follow children during a 3-year period and to provide dietary information 
obtained by the same dietary assessment method This allows for analysis of 
changes in intake over time within a child, which is superior to studying age 
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related intake by comparing different children in different age groups The 
questionnaire response over the 3-year period was high A limitation was that the 
consumption was based on self-reports and that we did not have information on 
total dietary intake, because the questionnaire focussed on foods and drinks 
influencing tooth erosion On the other hand, the questionnaire was specifically 
developed for this young population, designed in an attractive way, and based on 
dietary information from this specific age group Also, the questionnaire was 
pretested and evaluated satisfactory on face and content validity 
The overall consumption in number of glasses of beverages decreased 
significantly with age The overall changes in intake of carbonated soft drinks 
with age were only small, and not similar for all groups For example, 15-year-old 
boys consumed more carbonated soft drinks than girls and their consumption 
increased with age, while the girls showed a decline in their carbonated soft drink 
intake Although inconsistencies exist in the literature,16 it is generally accepted 
that a decrease of carbonated soft drinks is desirable because it may be 
associated with weight gam, obesity and other diseases 3716 The present study 
also showed that ethnicity and social economic class were associated with 
carbonated soft drink consumption The high SES group showed a significantly 
larger increase m intake with age compared to the low SES group At the age of 
12 the mean intake of carbonated soft drink in the high SES group was lower than 
in the low SES group, but at the age of 15, although not significant, the opposite 
was found Similar differences for gender and social economic class as in our 
study were seen for sugar-sweetened beverages, including carbonated soft 
drinks, in a German study17 
The overall consumption of fruit also decreased significantly with age, on 
average with 0 33 portion per day between 12 and 15 years As the mean intake 
in all groups and at both ages does not meet the Dutch recommendation of 2 
portions of fruit per day, this is an undesirable trend In addition, fruit consumption 
of less than once per day may be positively associated with obesity18 The 
decrease in fruit intake with age in non-western adolescents was larger than that 
of western adolescents However, the former group had at both 12 and 15 years a 
much higher fruit intake This suggests that the intake of fruit depends on ethnicity 
of the adolescents About 50% of the adolescents in the low SES group had a 
non-western ethnicity After correcting for ethnicity, no significant difference in 
fruit intake was found between SES groups This is in contrast with the findings,19 
who reported a low fruit intake m lower SES groups In that study more than 75 % 
of participants aged 7- 13 years of low-income urban children failed to meet 
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recommended servings of fruit Other studies2021 did not find higher fruit intakes 
m non-western groups except for one other Dutch study2 2 Similar to that Dutch 
study, the non-western adolescents in the present study originated for a large 
part from Mediterranean countries, which may explain their relatively high fruit 
consumption The results of the present study may be compared with those of a 
cross-sectional study of fruit and vegetable intake m Canadian adolescents, 
showing that fewer older adolescents (aged 15-19 years) reported to eat fruits 
than a younger group aged 12-14 years 21 In addition, that study showed that 
social economic class appeared to positively influence fruit consumption and 
that females had higher intakes than males 
The intake of dairy products decreased by about 1 glass per day from the age 
of 12 to 15 It can mainly be attributed to a decrease m the milk products The 
average dairy intake dropped in all groups between these 2 ages The average 
dairy consumption was comparable with that in the Dutch food consumption 
survey for the younger age groups, but it was much lower for the older age group 9 
The consumption of dairy for the older age groups seems also lower than that of 
a comparable age group in another study,23 although it is hard to compare 
because of differences in serving sizes used A large part of the dairy intake in 
the present study comes from the intake of milk A decrease of milk is undesirable 
because of the possible positive relationship between milk intake and a healthy 
weight and bone health 2i Also, a decrease in milk may be accompanied by an 
increase in soft drinks and a dilution of vitamins and mineral in the diet1 7 2 5 The 
intake of dairy in the present study was below the Dutch recommendations, 
especially for the older age group, and may be, with regard to requirements, a 
point of attention 
It is not clear what the intake and the change in intake during adolescence 
means for consumption during later life A study in England showed that food intake 
changed favourably from adolescence into adulthood 26 Also, food intake in 
adolescence was a significant, but not strong predictor of intake in adulthood 2 6 2 7 
On the other hand, a study in a similar age group showed that dietary patterns in 
adolescents were relatively stable over time except for a pattern with fast foods2Θ 
Also other studies explain changes in intake from childhood into adolescence by 
changes in taste and sweet preference,129 The decline in the consumption of sweet 
lemonades, such as fruit lemonade and lemonade squash is in line with this 
In conclusion, our study showed that the intake of dairy and fruit changed 
negatively during early adolescence and that these negative effects were found 
in all gender, SES and ethnic groups For the sugar-sweetened beverages we did 
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not find an unhealthy trend, but results differed between the various groups. The 
consumption of carbonated soft drinks increased with age for boys and 
adolescents with a high SES. An unfavourable trend was seen in all groups in the 
intake of energy/ sports and alcoholic mixed drinks. For programs on health 
promotion in adolescents, it seems that the focus must be on promotion of healthy 
intakes of milk products and fruit and that promotion should be tailored to different 
gender and SES groups. 
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Abstract 
To prevent erosive tooth wear early diagnosis and identification of causative 
factors is essential The aim of the present 3-year longitudinal study was to 
investigate the association between a broad collection of biological and 
behavioural factors and the incidence and progression of erosive tooth wear 
among adolescents The study sample consisted of 656 attendees of a dental 
clinic with at baseline a mean age of 11 9 yrs (sd=0 9) The criteria for the 
assessment of erosive wear were a modification of the erosion criteria developed 
by Lussi Information on biological and behavioural factors was gathered by 
clinical examinations (at baseline, after 1 5 and 3 years) and by self-reported 
questionnaires (completed semi-annually) Of the erosion free children at baseline, 
24 2% developed erosive wear In children with erosion at baseline, 68 3% showed 
progression Multivariate analyses showed significant associations between the 
incidence of erosive tooth wear and alcoholic mixed drink (OR=1 82), sour 
vegetables (OR=1 16) and tooth grinding (OR=4 03) The intake of yoghurt 
products was significantly negatively associated with the incidence of erosive 
wear (OR=0 79) The interaction of acidic products and tooth grinding showed a 
significant extra risk (OR=1 2) The intake of vitamin was positively associated 
with progression (OR=2 03) Erosive wear was less likely to progress in subjects 
that consumed milk and yoghurt products (OR=0 89 and OR=0 76, respectively) 
The present study showed that the aetiology of erosive tooth wear is complex 
Possible aetiological factors include more than acidic drinks, and factors such a 
tooth grinding play a large role 
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Introduction 
Tooth erosion is defined as a chemical process that involves the dissolution of 
enamel and dentine by acid not derived from bacteria when the surrounding 
aqueous phase is under saturated with tooth mineral1 Erosion results in the 
softening of enamel and dentine and, in combination with abrasion and attrition, 
results in accelerated wear of the teeth We will refer to this erosion-facilitated 
wear as "erosive tooth wear" The distinction between "tooth erosion" as the 
chemical process and "erosive tooth wear" as the clinically manifest wear process 
is very important, particularly when studying aetiology and developing clinical 
protocols 
Erosive tooth wear is a multifactorial condition To prevent the occurrence or 
progression of erosive wear it is fundamental to identify its aetiology Many 
biological, behavioural and chemical factors are involved in tooth erosion 2 The 
erosive potential of erosive agents like acidic beverages, foodstuffs or medication 
depends on the chemical factors, e g , pH, titratable acidity, mineral content, 
clearance on tooth surface and on its calcium-chelation properties Biological 
factors such as saliva, acquired pellicle, tooth structure, tooth position and its 
relation to the soft tissue and tongue are related to the pathogenesis of erosive 
wear3 Also behavioural factors, which include excessive consumption of acidic 
foods and beverages, drinking habits like swishing or holding drinks in the mouth"5 
and extreme oral hygiene, can play a role in the aetiology of erosive wear6 
For studying factors possibly associated with erosive wear, the selection of 
factors should be done in an open approach, knowing that erosive wear is a 
combination of erosion, abrasion and attrition Therefore, the factors can range 
from dietary factors to more mechanical factors (e g , oral hygiene practices, 
tooth grinding, anterior contact) Not only acidic foods and drinks should be 
investigated but also foodstuffs that could represent some kind of lifestyle or 
special dietary behaviour 
Most epidemiological studies on risk factors for erosive tooth wear have been 
cross-sectional,714 but since wear accumulates over a long period, longitudinal 
studies could provide more conclusive evidence on the role and interplay of 
different risk factors for the development of erosive tooth wear Besides, 
multivariate analysis of the data must be preferred over univariate, because it 
enables the estimation of the relative importance of studied factors, reduces 
confounding and is the more appropriate method of statistical analysis for a 
multifactorial condition 
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Up until now, two longitudinal clinical studies on the aetiology of tooth erosion 
have been carried out Dugmore and Rock15 investigated associations between 
erosion and some possible etiological factors, using multivariate logistic 
regression approach, in a sample of 12-year-old children Drinking fizzy pop at 
the age of 12 was a strong predictor of the presence of erosion at the age of 14 
The longitudinal study of Lussi and Schaffner'6 investigated the progression and 
risk factors of tooth erosion in two older age samples and found that progression 
was correlated with age and the consumption of dietary acids 
The aim of this 3-year longitudinal study was to investigate the association of 
a broad collection of factors and the incidence and progression of erosive tooth 
wear among adolescents 
Materials & Methods 
Subjects 
In April of 2004 we invited children, aged 10 to 12 yrs, of a paediatnc dental clinic 
in Oss, a medium-sized town in the Netherlands with 57,300 inhabitants (January 
2005) Approximately 35% of the 10- to 12-year-old children in Oss visit this dental 
clinic On 1 April 2004, the dental clinic's patient records included 1,012 children 
in that age range According to our power calculation17 conducted for investigating 
the aetiology of erosive tooth wear, we needed to invite 834 children in order to 
include 666 Since the non-response appeared higher than expected, 950 children 
were invited of which 656 agreed to participate 
The study protocol was approved by Radboud University's research committee 
(CEOM No 2003-207) Informed consent was obtained from the parents or legal 
representatives of all participating children The children, with a mean age of 11 9 
yrs (sd=0 53) at baseline, were clinically examined for signs of erosive tooth wear, 
at baseline (n=656), after 1 5 years (n=622) and after 3 years (n=572) Results of 
these examinations have been published earlier1718 The socio-economic status 
(SES, low, medium and high) was based on income, level of education and house 
ownership SES was assessed using the children's six-digit residential postcodes 
Clinical investigation (3 occasions) 
We performed a full-mouth recording of the buccal, occlusal and lingual surfaces 
of the permanent and deciduous teeth, using an operating light, mouth mirror and 
blunt dental probe The teeth were only slightly dried by compressed air if 
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excessive saliva was present Erosive wear on the deciduous teeth was not 
analyzed in the present study 
The criteria used for the clinical assessment of erosive tooth wear were a 
modification19 of the diagnostic criteria developed by Lussi20 The tooth erosion 
index codes used in this study were as follows 0 (no visible erosion), 1 (initial 
enamel erosion surface with silky-shining, 'melted' appearance, the bottom of 
the lesion is white), 2 (deep enamel erosion more pronounced signs than score 
1, dentine is shining through, light yellow), 3 (dentine erosion, the lesion bottom is 
yellow) Next to scoring erosion also sharp-bordered facetted wear (pure attrition) 
was assessed These attrition scores were left out of the present analyses 
Two examiners conducted the examinations at baseline and 1 5 year evaluation 
Both examiners received training and were calibrated by the examiner who had 
previously applied the index in a study in The Hague (GT) The final examinations 
were carried out by the principal investigator (HE) To assess the intra-examiner 
agreement, 47 duplicate measurements in 12-year-olds were carried out in 
another field study 
During the three clinical investigations also information on the following factors 
was recorded 
Biological factors 
Unstimulated saliva flow rate and its pH We followed the same procedure of 
unstimulated saliva collection as Lussi and Schaffner16 The subjects were 
instructed not to eat or smoke for 1 hour prior to sampling The subjects sitting 
in a upright position were asked to swallow the saliva present in the mouth 
From then on the saliva was collected over a 3 minute period The person was 
requested to resist swallowing and to spit periodically into a tube The 
collected saliva was weighed using an On Balance Super Solo (Marsden 
Mimscale Ltd, The United Kingdom) The pH of the unstimulated saliva was 
measured using a pH sensitive electrode meter (Sentron, Argus, Wilten 
Bioteknika, Etten-Leur, The Netherlands) Before starting an examination day 
calibration of the pH-meter was carried out, using buffers pH 4 and pH 7 
(Sentron) All measurements were carried out in the afternoon 
Maximum bite force was measured with a pressure sensor, developed for this 
study, connected to a display (force in Newton) The children were asked to sit 
in an upright position The sensor was placed between the first upper and 
lower permanent molars and the children were asked to gently bite on the 
sensor to get used to the feeling After this try-out, the children were 
encouraged to bite on the sensor with maximum force This measurement 
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was done twice on both sides There was a resting time (usually a few seconds) 
between measurements 
Presence of canine guidance during dynamic occlusion Dynamic occlusion 
was performed according to Christensen et al ,2' with the exception that no 
mylar strip was used to detect contact between opposing pairs during 
execution of left and right mandibulair movements Instead, the presence of 
canine guidance was visually diagnosed 
Presence of contact between the upper six anterior teeth and the lower anterior 
teeth 
Orthodontic treatment with or without the use of a headgear in the past or 
present 
Plaque presence was three times clinically assessed by scoring plaque on six 
index-teeth (16, 11, 26, 36, 31, 46) using the criteria described by Greene and 
Vermillion 22 During the examinations also the use of any kind of vitamin tablets 
was recorded 
Questionnaire (7 occasions) 
Every 6 months, the children visited the clinic for regular dental check-ups by their 
dentist During each visit the following information on behavioural factors by 
questionnaire was collected 
Diet Subjects were asked to fill in a food frequency questionnaire, which was 
designed to investigate dietary factors possibly associated with tooth erosion 
The questionnaire was self administered but most children received help with 
the completion of the questionnaire from the accompanying parent or 
guardian The questions enquired about the consumption of the previous day, 
of acidic drinks (acidic whey-based drinks, carbonated soft drink, ice tea, fruit 
lemonade, lemonade squash, fruit juice, energy/sport drinks, alcoholic mixed 
drink), water (tap, non-flavoured/ non-carbonated mineral water) tea, dairy 
products (yoghurt/breakfast drink, yoghurt products (yoghurt, curd, buttermilk 
and Yakult ®), milk products (milk, chocolate milk, custard and porridge with 
milk), acidic fruit (apple, orange, mandarin, kiwi, grapefruit, peach, grapes, 
berries and pineapple) and non acidic fruit (banana, melon, pear and mango), 
sour vegetables (spinach, rhubarb, sauerkraut and tomatoes), pickled 
vegetables (Russian salad/ Salad Olivier, gherkins, pearl onions, pickled 
preserves, piccalilli and onions), cheese, chewing gum, red sauces ( e g , 
tomato ketchup, curry, chilli sauce and white/yellow sauces (e g , mayonnaise, 
salad dressing, snack sauce, garlic sauce) The subjects answered the 
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questions by yes or no If yes, the subjects indicated how many intakes they 
had In order to get a reliable view of the daily consumption of foods and 
drinks it is important to also have information on weekend days About ninety 
percent of the subjects had at least completed one questionnaire concerning 
a weekend day The distribution of 'week' and 'weekend questionnaires' was 
similar in all subjects 
The reliability and comprehensibihty of the food frequency questionnaire were 
pretested in a pilot study among high school children m 2002 (n=39), who 
were asked to complete the questionnaire four times with a two week interval 
The reliability coefficients (Cronbach alpha's) regarding the mean consumption 
of the distinguished acidic, neutral and dairy foods and drinks with regard of 
tooth erosion for the four questionnaires ranged between 0 70 and 0 89 
Besides questions on previous day food intake, the final part of the 
questionnaire contained questions about 'average/normal' behaviour 
regarding drinking habits while drinking a lemonade, fruit juice or carbonated 
soft drink (swishing, direct swallow, straw use), oral hygiene (frequency of 
tooth brushing, the use of a hard-bristle toothbrush) and tooth grinding 
Data handling and statistical analysis 
All analyses were based on children who were clinically examined at baseline as 
well as at the 3-year examination (n=572) 
A score for each subject was allocated to the most advanced erosive lesion in 
the mouth (the mouth erosion score) To express the severity of the condition, a 
severity score (=number of affected teeth with initial enamel erosion χ 1 + 
number of affected teeth with deep enamel erosion χ 2 + number of affected 
teeth with dentine erosion χ 3) was created Incidence was defined as the 
percentage of subjects without erosion at baseline developing erosion over the 
course of the study Progression was defined as the percentage of subjects with 
erosive tooth wear at baseline showing an increase in severity score at the final 
examination 
Factors gathered during the three clinical examinations and by questionnaires 
were recoded into a time independent score 
Factors from examinations 
• Orthodontic treatment, headgear, vitamin use were dichotomized in yes or no 
If at least once a "yes" was scored, the variable was coded "yes" 
• The plaque scores of the six mdex-teeth of all examinations were added and 
the mean plaque score per examination was calculated 
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• Maximum bite force was averaged over all examinations The odds ratio of 
maximum bite force was per 100N 
• Canine guidance was scored left and right, and for three points in time 
Scoring "canine guidance present" as 1 All scores were added up and 
translated to a scale from zero to 1 
• For anterior contact at six sites and at three points in time, giving teeth with 
contact the value 1 All scores were added up and translated to a scale from 
zero to 1 
Factors from questionnaires 
• The average daily intake per subject per food item over all completed 
questionnaires was calculated and translated to the average weekly intakes 
before using it as independent continuous variables in the regression 
analyses 
• Yes/no/sometimes could be indicated for the factors direct swallow, swishing, 
use of a straw, tooth grinding and use of hard-bristle toothbrush. The answers 
were added up counting yes for 1, sometimes for 0 5 and no for 0, and divided 
by the number of completed questionnaires of a child 
• Brush frequency was counted 0 for never, V2 for not every day, 1 for 1 time a 
day, 2 for 2 times a day, 3 for more than 2 times a day and averaged over all 
completed questionnaires 
The association between factors and the incidence and progression of erosive 
tooth wear were examined using multivariate logistic regression analysis To 
reduce the list of factors, all factors were umvariately analyzed If a factor scored 
one or more p-values lower or equal to 10 percent in the univariate analyses, that 
factor was included in multivariate analyses To test whether interaction between 
chemical and mechanical/ 'self-reported drinking habits' gave an added or 
reduced risk, both the incidence and progression model were extended with 
interactions between the combined acidic products (carbonated soft drink, fruit 
lemonade, lemonade squash, energy/ sports drink, alcoholic mixed drink and 
sour vegetables) and bite force, tooth grinding, swishing, use of straw, "direct 
swallow" 
In order to get an impression of the fit of the three multivariate erosive wear 
models the positive predictive value (PPV), negative predictive value (NPV) and 
percentage correct prediction (% correct) were calculated These values should 
not be interpreted as an evaluation of the predictive power of the model For 
statistical procedures, we used SPSS 16 0 (SPSS Ine , Chicago, IL, USA) 
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Results 
The study sample consisted of 656 children, 51% boys and 49% girls Of these 
children, 572 were clinically re-examined 3 years later The drop-out of 12 8% was 
mainly due to subjects no longer being registered at the dental clinic On average 
6 5 (SD=1 5) questionnaires per child were available for analysis Erosion at 
baseline was present in 32 0% of the children, 3 years later the prevalence was 
42 3% Of the erosion free children at baseline (n=389), 94 developed erosion 
over 3 years (incidence= 24 2 %) (Table 1) 
Table 1 Prevalence, Incidence and Progression of Erosive Tooth Wear 
Mouth Erosion Score at 3 years evaluation 
Mouth 
Erosion 
Score at 
Baseline No erosion 
Initial 
enamel 
erosion 
Deep 
enamel 
erosion 
Dentine 
erosion 
Total 
No 
erosion 
295 
35 
0 
0 
330 
Initial 
enamel 
erosion 
66 
55 
0 
0 
121 
Deep 
enamel 
erosion 
20 
48 
1 
0 
69 
Dentine 
erosion 
8 
36 
8 
0 
52 
Total 
389 
174 
9 
0 
572 
The progression of erosion was calculated for those subjects who showed erosion 
at baseline (n=183) The percentage of subjects showing increase in lesion depth 
was 50 3% (=progression in mouth erosion score), the percentage of increase in 
lesion and/or number of lesions was 68 3% (=progression in severity score) For 
children with erosion at baseline, the mean severity score was 1 81 (sd=1 19), 
which increased over 3 years in this group, to 5 99 (sd=4 07) 35 Children with 
initial enamel score at baseline showed reversals 
Table 2 shows the distribution of factors that were analyzed for association 
with the incidence and progression of erosive wear After tap water, with a mean 
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intake of 12 6 glasses per week, carbonated soft drink (mean intake of 8 8 glasses 
per week) is the most consumed product About half of the children drank more 
than 1 glass of carbonated soft drink per day 45 5% Of the children were treated 
orthodontically, 27 8% with the use of a headgear Vitamin tablets were used by 
26 0% of the subjects 
All factors measured were umvanately tested for association with the incidence 
and progression of erosive wear (Table 3) Based on these results factors were 
selected for the multivariate analyses, selected factors are shown in bold 
The incidence of erosive wear was significantly associated with the intake of 
alcoholic mixed drink (p=0 039, OR=1 82, 95%CI [1 03,3 23]), sour vegetables 
(p=0 022, OR=116, 95%CI [1 02,1 32]) and tooth grinding (p=0 025, OR=4 03, 
95%CI [119,13 67]) (Table 4) The intake of yoghurt products was significantly 
negatively associated with the incidence of erosive wear (p=0 008, OR=0 79, 
95%CI [0 66,0 94]) 
Of the models with interaction only the incidence model improved with the 
interaction acidic products and tooth grinding The interaction (acidic products 
and tooth grinding) showed a significant added risk (p=0 043, OR= 1 20, 95%CI 
[1 01,1 42]) when a subject next to acid intake also grinded the teeth 
The use of vitamin was positively associated with progression (p=0 017, OR=2 03, 
95%CI [1 14;3 62]) The intake of acidic whey-based drinks (p=0 058, OR=1 60, 
95%CI [0 98,2 60]) and lemonade squash (p=0 054, OR=115, 95%CI [1 00,1 33]) 
showed a borderline of significance with progression of erosive wear The intake 
of milk and yoghurt products were significantly negatively associated with the 
progression of erosive wear (p=0 006, OR=0 89, 95%CI [0 82,0 97]) and 
(p=0 032, OR=0 76, 95%CI [0 60,0 98]) 
To provide some more information, the distribution of factors significantly 
associated with erosive wear are displayed (Table 5) The percentage of 
consumers of alcoholic mixed drink is larger in the incident than in the non-incident 
group, while the mean consumption between the groups didn't significantly differ 
(p=0 176) For yoghurt products the opposite is true, the mean consumption in 
the non-incident group was significantly larger than in the incident group 
(p=0 028) Incident cases consumed on average more sour vegetables than the 
subjects remaining free of erosive wear (p=0 020) Relatively more children from 
the incident group than the non-incident group ground their teeth 
The mean consumption of milk and yoghurt products was significantly smaller 
in the progression group than m the non-progression group (p=0 001 and 
p=0 008, respectively) In the progression group the mean use of vitamin tablets 
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was larger than in the non-progression group (p=0 024) While the percentage of 
consumers between the groups didn't really differ 
The kappa value for inter-examiner agreement on tooth and mouth level was 
calculated At baseline, the kappa values were 0 65 and 0 40, respectively For 
the 1 5-year evaluation, these values were 0 57 and 0 76 The kappa value for 
intra-exammer agreement of the principal investigator (HE) for tooth level was 
0 92 and 0 86 for mouth level 
Table 2 Descriptive statistics of factors 
Diet (intake in number 
of glasses or portions 
per week) 
Acidic whey-based drinks 
Carbonated soft drink 
Ice tea 
Fruit lemonade 
Lemonade squash 
Fruit juice 
Mineral water (non flavoured/ 
non-carbonated) 
Tap water 
Energy/ Sports drink 
Tea 
Alcoholic mixed drink 
Yoghurt drink/ Breakfast 
drink 
Milk products 
Yoghurt products 
Acidic fruit 
Sweet fruit 
Sour vegetables 
Mean 
0 56 
8 77 
3 98 
3 94 
2 76 
310 
3 20 
12 59 
161 
2 82 
016 
177 
615 
156 
5 51 
186 
1 86 
i 
ε C 
s 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
| 
12 00 
4725 
28 00 
26 83 
35 00 
2188 
33 00 
74 67 
14 00 
24 50 
613 
12 00 
5133 
9 63 
24 50 
1167 
1167 
•ο M 
δ) -a 
138 
6 74 
4 86 
3 58 
4 31 
318 
4 72 
10 83 
212 
3 58 
0 67 
2 08 
5 08 
181 
3 89 
196 
2 06 
Additional 
distributional 
statistics 
% subjects with a 
consumption of 
>1 / week 
166 
90 9 
63 6 
76 4 
48 4 
671 
52 3 
90 4 
43 0 
54 5 
5 2 
474 
87 2 
481 
88 6 
53 8 
516 
>7/wee 
07 
48 8 
171 
14 3 
105 
105 
136 
60 8 
21 
101 
0 0 
19 
30 9 
12 
27 6 
17 
1 7 
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Table 2 Continued 
Diet (intake in number 
of glasses or portions 
per week) 
Pickled vegetables 
Cheese 
Sweet sandwich spreads 
Spreads/salads 
Sour candy 
Ice lolly 
Chewing gum 
Red sauces 
White/yellow sauces 
Unstimulated saliva 
Flow rate (ml per mm) 
pH 
Self-reported drinking 
habits 
Swishing score (0-1) 
Direct swallow score (0-1) 
Straw score (0-1) 
Tooth brushing 
Brush frequency (0-3) 
Hard tooth brush score (0-3) 
Plaque score (0-3) 
Bite force (100 N) 
Canine guidance (0-1) 
Anterior contact (0-1) 
Tooth grinding score (0-1) 
Mean 
113 
4 89 
2 42 
0 99 
3 84 
0 84 
6 58 
215 
2 01 
0 44 
6 95 
018 
0 76 
0 27 
189 
0 02 
0 47 
3 98 
0 39 
0 53 
0 07 
E 
I 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 03 
5 40 
0 00 
0 00 
0 00 
0 50 
0 00 
0 00 
0 62 
0 00 
0 00 
0 00 
| 
3 
s 
9 33 
23 63 
27 00 
8 40 
36 75 
26 83 
4100 
10 50 
7 00 
2 30 
8 20 
100 
100 
0 90 
3 00 
100 
1 33 
8 85 
100 
100 
100 
•o e 
55 Ό 
1 46 
3 98 
3 03 
154 
3 86 
163 
6 43 
2 03 
169 
0 28 
0 33 
018 
0 22 
018 
0 50 
0 08 
0 27 
128 
0 29 
0 28 
0 20 
Additional 
distributional 
statistics 
% subjects with a 
consumption of 
>1 /week >7/we€ 
35 8 0 5 
80 9 22 9 
549 72 
311 0 7 
72 6 13 3 
26 7 0 3 
84 3 31 1 
60 8 3 0 
621 0 0 
27 5%=0 
22 9%=1 
11 5%=0 
1 5 < 73 8% < 2 5 
90 4%=0 
87 4%=0 
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Table 3 Results (p-values and odds-ratios) of the univariate logistic regression 
analysis for factors associated with the incidence and progression of 
erosive tooth wear (factors in bold have a p-value lower than or equal 
to 10 percent and were included in the multivariate logistic regression 
analysis) 
Factors 
Acidic whey-based 
drinks 
Carbonated soft drink 
Ice tea 
Fruit lemonade 
Lemonade squash 
Fruit juice 
Mineral water (non-
flavoured/ non-
carbonated) 
Tap water 
Energy/ Sports drink 
Tea 
Alcoholic mixed drink 
Yoghurt drink/ Breakfast 
drink 
Milk products 
Yoghurt products 
Acidic fruit 
Sweet fruit 
Sour vegetables 
Pickled vegetables 
Cheese 
Sweet sandwich spreads 
Spreads/salads 
Sour Candy 
Ice lolly 
Chewing gum 
Red sauces 
White/ yellow sauces 
Incidence 
P-value 
0.020 
0.017 
0 478 
0.063 
0 266 
0140 
0 273 
0 633 
0.091 
0 640 
0.003 
0 777 
0 258 
0.008 
0140 
0 227 
0.011 
0 274 
0 293 
0.570 
0 490 
0.137 
0 778 
0 675 
0 521 
0 577 
Odd-ratio 
1.19 
1.05 
102 
0.93 
103 
0 94 
103 
100 
1.09 
0 98 
2.13 
102 
0 97 
0.81 
105 
1.08 
1.15 
108 
103 
0 98 
105 
104 
0 98 
101 
0 96 
0 96 
Progression 
Ρ value 
0.041 
0160 
0 828 
0.095 
0.094 
0 582 
0 949 
0 935 
0.005 
0.711 
0 278 
0 869 
0.005 
0.006 
0 441 
0 797 
0 764 
0.947 
0 292 
0 621 
0 888 
0 556 
0182 
0.059 
0 678 
0 426 
Odds-Ratio 
1.47 
103 
101 
1.09 
1.09 
0 97 
100 
100 
1.35 
0 98 
129 
0 99 
0.91 
0.77 
0 97 
1.02 
0 98 
0 99 
105 
103 
0 99 
103 
0 87 
1.06 
103 
0.93 
85 
CHAPTER 5 
Table 3 Continued 
Factors 
Bite force (100N) 
Plaque 
Ortho 
Headgear 
Gender (female=1) 
SES 
Canine guidance 
Anterior contact 
Saliva flow rale 
Saliva pH 
Swishing 
Direct swallow 
Straw 
Brush frequency 
Hard tooth brush 
Tooth grinding 
Vitamin 
P-value 
0.018 
0 809 
0113 
0 879 
0 252 
0115 
0 213 
0.005 
0166 
0 472 
0126 
0.024 
0138 
0 342 
0 732 
0.004 
0 236 
Odd-ratio 
1.24 
0 90 
0 68 
0 96 
0 76 
1 29 
0 92 
1.07 
0 81 
111 
2 81 
0.30 
0 37 
0 80 
0 62 
5.11 
0 82 
Ρ value 
0 641 
0 301 
0.045 
0 598 
0.056 
0 453 
0 960 
0.095 
0 621 
0 471 
0189 
0 821 
0.084 
0 303 
0 430 
0 266 
0.061 
Odds-Ratio 
106 
185 
0.53 
0 83 
0.54 
117 
103 
2.49 
109 
144 
2 88 
0 86 
4.91 
0 71 
013 
2 44 
1.5Θ 
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Table 4 Results of the multivariate logistic regression analysis for factors 
associated with the incidence and progression of erosive tooth wear 
(p-values < 0 05 in bold) 
Incidence Incidence with Progression 
Interaction 
Odds ratio _ Odds ratio _ Odds ratio 
Ρ Ρ 
95% CI 95% CI 95% CI 
1 1 3
 η κι
 1 1 3
 nnsR 1 6 0 
[0 95 135] [0 95 134] [0 98 2 60] 
1 0 3
 0373 1 0 2 0231 0 9 7 
[099 108] [098 107] [091 102] 
094 093 106 
[0 87 102] [0 86 101] [0 93 122] 
102 101 115 
[0 97 108] [0 95 107] [100 133] 
095 093 124 
[0 84 107] [0 82 105] [0 98 159] 
182
 n f t „ 191 . „ „ 128 
[103 3 23] [107 3 43] [0 74 2 22] 
0 99 0 99 0 89 
[0 94 104] [0 94 104] [0 82 0 97] 
0 79 „ . „ 0 78
 n
„ 0 0 76 0.006 0.032 [0 66 0 94] [0 65 0 93] [0 60 0 98] 
116 113 101 
[1 02 1 32] [0 99 1 29] [0 83 1 23] 
101 102 102 
[0 97 106] [0 98 103] 0 5 9 θ [0 94 111] 
1 1 1
 η?™ 1 1 4 n i 7 i 0 8 7 
[079 139] [091 143] [042 118] 
105 099 067 
[0 58 190] [0 54 182] [0 29 154] 
078 075 058 
[0 44 140] U d J Ö [0 42 135] U l y b [0 26 132] 
250 249 216 
[089 700] [088 702] [047 986] 
0 4 1
 nnf i 0 4 0 n f w 1 2 0 
[012 133] [012 133] [0 21 6 70] 
033 032 319 
[0 07 149] [0 07 148] [0 33 30 97] 
403 538 150 
[119 13 67] [139 20 91] [0 24 9 49] 
Acidic whey-based 
drinks 
Carbonated soft 
drink 
Fruit lemonade 
Lemonade squash 
Energy/Sports drink 
Alcoholic mixed 
drink 
Milk products 
Yoghurt products 
Sour Vegetables 
Chewing gum 
Bite force 
Ortho 
Gender ([emale=1) 
Anterior contact 
Direct swallow 
Straw 
Tooth grinding 
Ρ 
0153 
0184 
0134 
0 431 
0 401 
0.039 
0 570 
0.008 
0.022 
0 504 
0 354 
0 880 
0 408 
0 082 
0136 
0150 
0.025 
87 
CHAPTER 5 
Table 4 Continued 
Vitamin 
Acidic products* 
tooth grinding 
PPV (%) 
NPV (%) 
% correct 
Incidence 
Ρ 
0 518 
Odds ratio 
95% CI 
0 89 
[0 63 126] 
64 3 
82 6 
80 0 
Incidence with 
Interaction 
Ρ 
0 508 
0.043 
Odds ratio 
95% CI 
0 89 
[0 62 1 27] 
120 
[101 142] 
66 7 
818 
80 0 
Progre) 
Ρ 
0.017 
ssion 
Odds ratio 
95% CI 
2 03 
[114 3 62] 
813 
72 7 
79 2 
Table 5 Distribution of factors significantly associated with the incidence or 
progression of erosive tooth wear (% of consumers/ subjects grind­
ing the teeth and the mean consumption/ grinding score). Ρ values 
for testing the difference in mean between the increase and non 
increase group 
Incidence 
At baseline, N=389 
(free of erosive wear) 
Alcoholic mixed drink 
Yoghurt products 
Sour Vegetables 
Tooth grinding 
Progression 
At baseline, N=183 
(subjects with erosive wear) 
Milk products 
Yoghurt products 
Vitamin 
Subjects developing 
erosive wear 
during follow-up 
(N=94) 
%>0 
149 
56 4 
713 
20 2 
Mean 
188 
2 01 
3 25 
0.53 
Subjects showing 
increase in severity 
score during follow-up 
(N=125) 
%>0 
91 2 
57 6 
28 0 
Mean 
5 65 
2 21 
1 74 
Subjects remaining 
free of erosive wear 
during follow-up 
<N=295) 
%>0 
51 
661 
68 5 
71 
Mean 
134 
2.61 
2 46 
0 55 
Subjects showing no 
increase in seventy 
score during follow-up 
(N=58) 
%>0 
86 2 
65 5 
190 
Mean 
8 39 
311 
127 
P-value 
0176 
0 028 
0 020 
0 784 
P-value 
0 001 
0 008 
0 024 
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Discussion 
Increasingly, erosive wear is recognized as a multifactorial condition, of which the 
aetiology is difficult to establish It was the aim of this study to relate the incidence 
and progression of erosive tooth wear to putative associated factors The factors 
were defined as specifically as was deemed feasible, to allow a more detailed 
pattern to emerge Potentially causative and protective factors were included, as 
well as factors that could represent some kind of lifestyle or special dietary 
behaviour In our multi-factorial model, of the acidic foods and drinks the intake of 
alcoholic mixed drink and sour vegetables were positively associated with erosive 
tooth wear 
Certain study limitations should be noted Diagnosis of early signs and 
symptoms of wear, particularly that of an erosive nature has proved difficult23 
Thirty five children with initial enamel score at baseline showed reversals, reflecting 
the problem in measuring erosive wear in early stage consistently However, the 
kappa values for inter-agreement on mouth level at baseline and 1 5-year 
evaluation varied between 0 40 and 0 76 The kappa value for mtra-exammer 
agreement on mouth level at the 3-year evaluation was 0 86 All indicate a mod-
erate-to-good level of agreement The BEWE (the Basic Erosive Wear Examination), 
a new scoring system,24 has been recently tested on its reliability2526 The BEWE 
would have been a less suitable scoring method for our study, as it only has 1 
score for erosive wear limited to the enamel Although this may increase repro-
ducibility, it diminishes the ability to monitor progression of early erosive wear 
Moreover, the method depends on scoring whole tooth surfaces at once (as it 
includes criteria of surface area) We differentiated for instance between cusps 
tops and cusp slopes 
Dietary variables comprised an important part of the questionnaire and 
subsequent analyses Although the food frequency questionnaire contained a 
large number of food items, there is always a risk that other important food items 
have been overseen Besides, dietary habits tend to change over time, not at 
least in the age groups included m the present study We have tried to address 
this problem by questioning the children every six months (on average 6 5 
questionnaires per child in the 3-year evaluation period) and to use the average 
weekly intake in the regression analyses 
The questionnaire enquired about the consumption of many different types of 
acidic drinks The acidic whey-based drinks were included as they are popular in 
some groups and could be expected to be less erosive than normal carbonated 
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drinks due to their milk components However, their positive association with the 
progression of erosive wear, which reached borderline of significance, does not 
support this favourable image The effect of alcoholic mixed drink on the incidence 
of erosive wear is surprising given the overall small proportion of consumers 
(7 5%) and the low level of consumption When comparing the incident with the 
non-mcident group the mean consumption isn't different, but the group of 
consumers in the incident group (14 9%) is larger than in the non-incident group 
(51%) It cannot be excluded that behavioural factors (other than those already 
accounted for in the analysis) associated with consumption of mixed drinks may 
be involved In case reports, the use of alcopops has been associated with severe 
and rapid tooth erosion, supporting the very high erosive potential of these 
drinks 27 Another surprising effect is the effect of vitamin use on the progression 
of erosive wear The mean use in the progression group was significantly larger 
than in the non-progression group The factor vitamin included all kinds of vitamins 
and did not discriminate between chewable vitamins and vitamins that are 
swallowed There is some evidence that chewable vitamin C and erosion are 
connected 2e30 In the present study, the use of vitamin may represent a lifestyle 
that increases the chance of erosive wear to progress 
On theoretical grounds one would expect that the intake of acidic fruits would 
increase the risk of tooth erosion This relationship is found in several studies 7 '2,63l 
In our study, the univariate analysis showed an odds ratio of 1 05 for incidence of 
erosive wear, indicating an increased but not significant risk The intake of acidic 
fruit failed to pass to the multivariate analyses Instead, we found a positive 
association with sour vegetables, a factor not often taken into account It may 
cover a general factor, such as a preference for acidic foodstuffs, more specifically 
than the factor acidic fruit 
In contrast with others11,5I63°32 the present study did not identify a significant 
positive association between erosive wear and carbonated soft drinks, not a 
unique result101933 The narrow 95% CIs show that if the increase in risk would 
have been more than 5% that the effect would have been significant This implies 
a considerable power for this variable In the longitudinal study where a positive 
association between carbonated soft drink and erosion was found, the average 
consumption was much higher, 40 9% of the 12-year-olds drank three or more 
glasses per day, by age 14 this increased to 45%15 Moreover, the association in 
that study was with prevalence 2 years after measurement, whereas we chose to 
analyze the association of factors on the incidence and progression of tooth 
erosion, which we feel is more appropriate It should also be noted that m our 
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study all estimated effects are corrected for a considerably wider range of 
factors 
Erosive tooth wear in adolescents consuming milk and yoghurt products was 
less likely to progress than in other adolescents Yoghurt, despite a low pH, has 
hardly an erosive effect due to its high calcium and phosphate content3 Milk 
proteins may also contribute to the protective effect of the salivary pellicle Finally, 
there may be a substitution effect, where acidic (soft) drinks are substituted by 
milk drinks 
Drinking habits have been shown to influence erosion , 3 i Although we did not 
find a significant association, a relation between 'direct swallow' and the incidence 
of erosive wear cannot be excluded based on this study The estimated effect is 
strong, OR=0 41, but the wide 95% CI, between 012 and 1 33, showed this study to 
have little power m determining the effect of 'direct swallow' Future research should 
perhaps focus on specifying the drinking habits for each category of drinks 
The study focussed on acids from the diet, no attention was paid to intrinsic 
acids like gastro-oesophageal reflux A typical clinical sign of acidic gastric juice 
entering the mouth is palatal erosion Except on upper anterior teeth no palatal 
erosion was found in our subjects Regardless of this, we consider intrinsic acids 
as an omission in the list of investigated factors There have been a couple studies 
investigating the reporting of reflux symptoms in patients and the presence of 
dental erosion 35 37 Whilst a clear correlation between the presence of the reported 
symptoms and the existence of dental erosion was not observed, the studies 
suggest that reflux has the potential to cause dental erosion Therefore, from an 
aetiological, multifactorial perspective, it may be considered an omission to not 
record symptoms of reflux 
Measuring nocturnal tooth grinding through questionnaires is not the most 
accurate way to measure nocturnal parafunctional activity Polysomnography is 
seen as the golden standard But this is not workable in a large epidemiological 
field study such as we have conducted In our study, information on tooth grinding 
of the child was mostly based on reports by accompanying parents In general, it 
is a bed partner or family member who provides the most reliable report on 
current grinding in a given individual3Θ In addition, during the study period every 
6 months information on tooth grinding was collected The data on tooth grinding 
used m the analysis have thus been sampled over 3-yr period By combining the 
tooth grinding scores over this long period of time, we assume that the variability 
of tooth grinding events was 'averaged', resulting in more accurate information on 
tooth grinding patterns over a longer period of time 
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In the present study tooth grinding during sleep was found to be significantly 
associated with the incidence of erosive tooth wear The combined presence of 
acidic intake and tooth grinding in one individual gave an extra risk This finding 
points out that not only acidic dietary products play a role in the development of 
erosive wear In our study erosive tooth wear was diagnosed if the loss of dental 
hard tissue did not present as a caries lesion or as sharp-bordered faceted wear 
(pure attrition)19 The characteristic features of erosive lesions included smooth-
bordered wear with a polished appearance, cupping of incisai edges and molar 
cusps Sharp bordered wear was usually seen on incisai edges of lower incisors, 
and was not scored as erosive wear Erosive wear was mainly found on the 
occlusal surfaces of first molars and palatal surfaces of upper anterior teeth 
Cupping lesions have been found to be related to an abrasive diet as well as to 
erosion 39 However, the relation with tooth grinding emphasizes the multifactorial 
and complex nature of erosive tooth wear As to tooth grinding, the analysis was 
open to mechanical influences in the erosive wear process Anterior contact could 
be expected to increase the mechanical loading of the palatal surfaces of the 
anterior teeth, and was therefore included in the analysis Anterior contact was 
not significantly associated with erosive tooth wear on mouth level 
To conclude, the aetiology of erosive tooth wear among this population of 
Dutch adolescents is complex Possible erosive components include more than 
acidic (soft) drinks, and factors such a tooth grinding may play a larger role than 
previously expected 
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CHAPTER 6 
Abstract 
Objectives The aim was to investigate associations between factors and the 
incidence of erosive wear in lower first molars and upper incisors, and to 
investigate whether these associations differ between these locations 
Methods The study sample of this 3-yr longitudinal study consisted of 572 
children (mean age 11 9 yrs, SD=0 9) The permanent dentition was examined for 
erosive wear according to a modified Lussi-mdex (1996) Information on biological 
and behavioural factors was gathered by clinical examinations (at baseline, after 
1 5 and 3 years) and by questionnaires (every 6 months) 
Results The incidence of erosive wear in upper incisors over 3 years was 22 2%, 
for lower· first molars the incidence was 14 8% Multivariate logistic regression 
analysis showed significant associations between the incidence of erosive wear 
in upper incisors and carbonated soft drink (OR=1 04), tooth grinding (OR=2 93), 
milk (OR=0 95) and yoghurt products (OR=0 88) Factors significantly associated 
with the incidence of erosive wear in lower first molars were alcoholic mixed drink 
(OR=1 45), tooth grinding (OR=4 00), milk (OR=0 96) and yoghurt products 
(OR=0 84) The incidence of erosive wear in lower first molar was lower in girls 
than in boys (OR=0 51) T-tests on the odds ratios of the factors showed that 
between the two incidence models only the odds ratios of anterior contact 
significantly differed 
Conclusions In the present study, except for anterior contact, no substantial 
differences in risk factors between the incidence of erosive wear in lower first 
molars and upper incisors were found This indicates that the aetiology of erosive 
wear for the two locations is similar 
98 
EROSIVE WEAR IN UPPER INCISORS AND LOWER FIRST MOLARS 
Introduction 
The susceptibility to erosive wear has been reported to vary among individuals' 
and within dental arches.2 In adolescents with erosive wear, the first molars 
(especially the lower ones) and upper anterior teeth are mostly involved. Erosive 
wear lesions in molars are mainly located on the occlusal surface, while in upper 
anterior teeth these are situated on the palatal surface.35 The reason for the 
predominance of first molars and upper incisors could be that these permanent 
teeth erupt first and are therefore exposed to intrinsic and extrinsic aetiological 
factors for a longer time.3 
Ganss et al.6 showed that occlusal/incisal tooth substance loss in the form of 
cupping/grooving is not pathogonomic for tooth erosion but that the loss of 
substance may be explained as acid accelerated abrasion/demastication. In 
occlusal and palatal erosive wear other factors than acid may play a role in the 
occurrence of tooth substance loss. Factors as attrition,3 abrasion6 and even 
friction of the tongue7 can interact with acids, and result in accelerated wear of the 
teeth. We will refer to this erosion-facilitated wear as erosive tooth wear. 
Risk factors of erosive wear on mouth level have been investigated in cross-
sectional'814 and longitudinal studies.1517 A study on the dynamics of erosive 
wear in adolescents showed differences in association between incidence and 
background variables between lower first molars and upper incisors.16 For lower 
first molars, the incidence in boys was significantly higher than in girls, while no 
socio-economic influences were found. For the upper incisors no gender effect 
was found, while the incidence in adolescents with a low socio-economic status 
was significantly higher than in adolescents with a medium or high socio-economic 
status. It was hypothesized that this could indicate a difference in aetiology. Up 
until now, no study has aimed to study the factors that could be specific for lower 
first molar and upper incisor erosive wear. The question is if the same factors are 
involved in lower first molar and upper incisor erosive wear and to what extent 
these processes are different. 
Therefore, the aim of the present study was to investigate the associations 
between factors and the incidence of erosive tooth wear in lower first molars and 
upper incisors in adolescents. Secondly, to examine whether these associations 
differ between lower first molars and upper incisors. 
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Materials and Methods 
Subjects 
The study sample consisted of regular attendees of a paediatric dental clinic, in 
the Netherlands, aged 10-12 yrs at baseline Informed consent was obtained from 
parents or legal representatives of all participating children Of the 950 invited 
children, 656 children participated in the study The enrolment of participants 
started m April 2004 The study protocol was approved by Radboud University's 
research committee (CEOM No 2003-207) The socio-economic status (SES, 
low, medium and high) was based on income, level of education and house 
ownership SES was assessed using the children's six-digit residential 
postcodes 
2.2. Clinical investigation 
During the 3-yr study period the children were clinically examined for signs of 
erosive tooth wear, at baseline, after 1 5 and 3 years We performed a full-mouth 
recording of the buccal, occlusal and lingual surfaces of the permanent teeth 
The criteria for the clinical assessment of erosive wear were a modification3 of the 
diagnostic criteria developed by Lussi19 The erosion scores in this study were as 
follows 0 (no visible erosion), 1 (initial enamel erosion surface with silky-shining, 
'melted' appearance, the bottom of the lesion is white), 2 (deep enamel erosion 
more pronounced signs than score 1, dentin is shining through, light yellow), 3 
(dentin erosion, the lesion base is yellow) A more detailed description of the 
sample selection, the power calculation and the clinical assessment of erosive 
wear and its reproducibility has been published earlier5 
During the three clinical examinations also the following biological factors 
were assessed unstimulated saliva flow rate and its pH, maximum bite force, 
presence of canine guidance during dynamic occlusion according to Chnstensen 
et al ,20 presence of contact between the upper six anterior teeth and the lower 
anterior teeth and orthodontic treatment in the past or present Oral hygiene was 
assessed by scoring plaque on six index-teeth (16, 11, 26, 36, 31, 46) using the 
criteria described by Greene and Vermillion 21 Also the use of medication for 
allergies and vitamin tablets was recorded 
Questionnaire (behavioral factors) 
Every six months the children were asked to complete a self administered food 
frequency questionnaire at the paediatric dental clinic The questions enquired 
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about the consumption of the previous day, of acidic drinks (acidic whey-based 
drinks, carbonated soft drink, ice tea, fruit lemonade, lemonade squash, fruit 
juice, energy/sport drinks, alcoholic mixed drink), water (tap, mineral- and source 
water) tea, dairy products (yoghurt/breakfast drink, yoghurt products (yoghurt, 
curd, buttermilk and Yakult ®), milk products (milk, chocolate milk, custard and 
porridge with milk), acidic fruit (apple, orange, mandarin, kiwi, grapefruit, peach, 
grapes, berries and pineapple) and non acidic fruit (banana, melon, pear and 
mango), sour vegetables (spinach, rhubarb, sauerkraut and tomatoes), pickled 
vegetables (Russian salad/ Salad Olivier, gherkins, pearl onions, pickled 
preserves, piccalilli and onions), cheese, chewing gum, red sauces ( e.g., tomato 
ketchup, curry, chilli sauce and white/yellow sauces (e.g., mayonnaise, salad 
dressing, snack sauce, garlic sauce). The subjects answered the questions by 
yes or no. If yes, the subjects indicated how many intakes they had. The final part 
of the questionnaire contained questions about drinking habits while drinking a 
lemonade, fruit juice or carbonated soft drink (swishing, direct swallow, straw 
use), oral hygiene (frequency of tooth brushing, the use of a hard-bristle 
toothbrush) and tooth grinding. 
More details about the measurement of the biological factors and the 
questionnaire are described earlier.'7 
Statistical analysis 
All analyses were based on children who were clinically examined at baseline as 
well as at the 3-year examination (n=572). On average 6.5 (SD=1.5) questionnaires 
per child were available for analysis. Drop-out after 3 years was 12.8%, mainly 
due to subjects no longer being registered at the dental clinic. 
Erosive wear was assessed on the occlusal, buccal and lingual surface of 
each tooth. A score was allocated to each tooth according the most advanced 
erosive wear score on that tooth. The incidence of upper incisor erosive wear was 
defined as the percentage of upper incisors without erosive wear at baseline 
developing erosive wear over the course of the study. The incidence of erosive 
wear on lower first molars was defined in the same manner. 
For analytical comparisons of lower first molars/upper incisors between 
baseline and the final examination, we excluded teeth that were missing at the 
final examination. Teeth that were missing at baseline but not at the final 
examination were given a score 0 as baseline value. 
The association between all measured biological and behavioral factors and 
the incidence and progression of erosive tooth wear on mouth level were examined 
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in an earlier study on the same sample using multivariate logistic regression 
analysis " In that study, in order to reduce the list of factors, all factors were 
umvanately analyzed If a factor scored one or more p-values lower or equal to 10 
percent in the univariate analyses, that factor was included in multivariate 
analyses In the present study, the same list of factors is now used to multivanately 
analyze the association between these factors and the incidence of erosive wear 
in lower first molars and upper incisors 
Analysis on tooth level implies the introduction of clustered data since each 
child can contribute up to four upper incisors or up to two lower first molars So 
the condition of independent observations on which logistic regression is based 
is not fulfilled Therefore the GEE technique22 was used as an extension of logistic 
regression, which enables modelling of the correlations of observations within a 
child The package used was "geepack",23 implemented in R, version 2101 2A The 
correlations between the both central incisors and both the lateral incisors were 
very high This implies that there's virtually no information in the incidence of one 
central (or lateral) incisor, if the incidence of the other is already known Therefore, 
of both the central and lateral incisors only one, chosen randomly, was used for 
analysis 
The data of the analyzed factors were handled as follows 
Information on the dietary factors was gathered by food frequency 
questionnaires which were administered every 6 months The average daily 
number of intake per subject per food item over all completed questionnaires 
was calculated and translated to the average weekly intakes (continuous 
variable) 
Maximum bite force was averaged over all examinations The odds ratio of 
maximum bite force was per 100N 
Orthodontic treatment and vitamin use were dichotomized in yes or no If at 
least once a "yes" was scored, the variable was coded "yes" 
For anterior contact at six sites and at three points in time, giving teeth with 
contact the value 1 All scores were added up and translated to a scale from 
zero to 1 
Yes/no/sometimes could be indicated for the factors direct swallow, use of a 
straw and tooth grinding The answers were added up counting yes for 1, 
sometimes for 0 5 and no for 0, and divided by the number of completed 
questionnaires of a subject 
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To test whether interaction between chemical and mechanical/drinking habits 
gave an added or reduced risk, both incidence models were extended with 
interactions between the combined acidic products (carbonated soft drink, fruit 
lemonade, lemonade squash, energy/sports drink, alcoholic mixed drink and 
sour vegetables) and bite force, tooth grinding, use of straw, and "direct swallow" 
In all cases the interactions did not improve the incidence models, and so 
interactions were not considered further 
To see whether the odds ratios for a given factor of the incidence models 
significantly differed, the estimated betas, being the natural logarithm of the odd 
ratios, and their standard errors, were used in a t-test 
Results 
Mouth level 
The mean age of the children at baseline was 11 9yrs (SD=0 9) The study sample 
consisted for 51% of boys and 49% of girls Erosive wear was present at baseline 
in 32 0% of the children In children with erosive wear, first molars (especially the 
lower ones) and upper anterior teeth were predominantly affected Lesions m 
molars were mainly located on the occlusal surface while in upper anterior teeth 
these were situated on the palatal surface At baseline 26 7% of the children had 
at least one eroded lower first molar and 1 4% had signs of erosive wear on the 
upper incisors At the 3 year evaluation, where the overall prevalence of erosive 
wear was 42%, the prevalence in lower first molars was 33 9% and in upper 
incisors 24 1% 
Tooth level 
During the study none of the upper incisors showed erosive wear into the dentin 
(Table 1) The proportion of lower first molars with deep enamel erosion increased 
from 1 0% at baseline to 9 3% at the final examination (Table 2) At baseline, none 
of the lower first molars had erosive wear exposing the dentin, at the 3 year 
examination 6 6% of the lower first molars showed dentin exposure The 
percentage of upper incisors without erosive wear developing erosive wear during 
the follow up of three years was 22 2% (Table 1), the incidence in lower first 
molars was 14 8% (Table 2) 35 lower first molars with initial enamel erosion 
showed reversals None of the upper incisors showed reversal 
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Table 1 Prevalence of Erosive Wear in Upper Incisors at Baseline and after 
3 years. The upper incisor erosive wear score is the most advanced 
score recorded on an upper incisor 
Upper Incisor Erosive Wear Score at 3 years evaluation 
Upper 
Incisor 
Erosive 
Wear 
Score at 
Baseline 
Total 
Sound 
Initial enamel 
Deep enamel 
Dentin 
Missing 
Sound 
1746 
0 
0 
0 
3 
1749 
Initial 
enamel 
489 
15 
0 
0 
0 
504 
Deep 
enamel 
13 
0 
2 
0 
0 
15 
Dentin 
0 
0 
0 
0 
0 
0 
Missing 
9 
0 
0 
0 
11 
20 
Total 
2257 
15 
2 
0 
14 
2288 
Table 2 Prevalence of Erosive Wear in Lower First Molars at Baseline and 
after 3 years. The lower first molar erosive wear score is the most 
advanced score recorded on a lower first molar 
Lower First Molar Erosive Wear Score at 3 years 
Lower 
First 
Molar 
Erosive 
Wear 
Score at 
Baseline 
Total 
Sound 
Initial enamel 
Deep enamel 
Dentin 
Missing 
evaluation 
Sound 
781 
35 
0 
0 
3 
819 
Initial 
enamel 
79 
59 
0 
0 
0 
138 
Deep 
enamel 
43 
62 
1 
0 
0 
106 
Dentin 
15 
51 
10 
0 
0 
76 
Missing 
2 
3 
0 
0 
0 
5 
Total 
920 
210 
11 
0 
3 
1144 
Table 3 shows the distribution of factors, that were included in the multivariate 
analyses Because the use of vitamin tablets was dichotomized its distribution is 
not shown m this table Vitamin tablets were used by 26 0% of the subjects 
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Table 3 Descriptive statistics of factors, that were included in the multivariate 
logistic regression analyses 
Diet (intake In number 
of glasses or portions 
per week) 
Acidic whey-based drinks 
Carbonated soft drink 
Fruit lemonade 
Lemonade squash 
Energy/Sports drink 
Alcoholic mixed drink 
Milk products 
Yoghurt products 
Sour vegetables 
Chewing gum 
Drinking habits 
Direct swallow score (0-1) 
Straw score (0-1) 
Bite force (100 N) 
Anterior contact (0-1) 
Tooth grinding score (0-1) 
Mean 
0 56 
8 77 
3 94 
2 76 
161 
016 
615 
156 
186 
6 58 
0 76 
0 27 
3 98 
0 53 
0 07 
Min. 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 62 
0 00 
0 00 
P25 
0 00 
4 00 
117 
0 00 
0 00 
0 00 
2 33 
0 00 
0 00 
2 33 
0 64 
014 
312 
0 29 
0 00 
P50 
0 00 
700 
3 00 
100 
100 
0 00 
5 00 
100 
117 
5 00 
0 80 
0 25 
3 91 
0 50 
0 00 
P75 
0 00 
Max. 
12 00 
12 00 47 25 
5 83 
3 50 
2 63 
0 00 
8 75 
2 33 
3 00 
8 75 
0 93 
0 42 
4 67 
0 78 
0 00 
26 83 
35 00 
14 00 
613 
5133 
9 63 
1167 
4100 
100 
0 90 
8 85 
100 
100 
Sd 
1 38 
6 74 
3 58 
4 31 
212 
0 67 
5 08 
181 
2 06 
6 43 
0 22 
018 
128 
0 28 
0 20 
Additional 
distributional 
statistics 
% subjects 
wttha 
consumption 
of 
>1/ 
week 
166 
90 9 
76 4 
48 4 
43 0 
5 2 
87 2 
481 
516 
84 3 
22 9% 
11 5% 
87 4% 
>7/ 
WOO Κ 
07 
48 8 
14 3 
105 
21 
0 0 
30 9 
12 
17 
311 
,=1 
=0 
=0 
Analysis of incidence in upper incisors 
For the incidence of erosive wear in upper incisors positive associations were 
found with carbonated soft drink (OR=1 04) and tooth grinding (OR=2 93) (Table 
4) In adolescents consuming milk (OR=0 95) and yoghurt products (OR=0 88), 
the incidence of erosive wear in upper incisors was less likely 
Analysis of incidence in lower first molars 
Multivariate logistic analyses revealed significant positive association between 
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the incidence of erosive wear in lower first molar and intake of alcoholic mixed 
drink (OR=1 45) and tooth grinding (OR=4 00) (Table 4) The chance of a lower 
first molar free of erosive wear to develop erosive wear, m a subject that grinds the 
teeth during sleep is 4 00 greater than of a subject that never grinds the teeth The 
factors milk (OR=0 96) and yoghurt products (OR=0 84) were significantly 
negatively associated with the incidence of erosive wear in lower first molars The 
incidence of erosive wear in lower first molars was lower in girls than in boys 
(OR=0 51), lower first molars in girls having 49% lower chance of developing 
erosive wear than lower first molars in boys 
Comparison of the models 
The results of the t-test are shown in the last two columns of table 4 Only the 
odds ratios of the factor anterior contact differed significantly between the two 
incidence models (p=0 045) Anterior contact was positively associated with the 
incidence of erosive tooth wear in upper incisors (OR=1 90) and negatively 
associated with lower first molar incidence (OR=0 63), however both associations 
were not statistically significant 
106 
EROSIVE WEAR IN UPPER INCISORS AND LOWER FIRST MOLARS 
Table 4 Results of the multivariate GEE analysis with logistic link function for 
factors influencing the incidence of erosive wear in upper incisors 
and lower first molars (p-values < 0 05 in bold) "Comparison of 
models" shows the results of the t-tests for comparing the effect of 
a factor between the two models 
Upper Incisors Lower First Molars Comparison of 
models 
Ρ Odds ratio Ρ Odds ratio Ρ 95% CI for 
95% CI 95% CI ratio of ORs 
Acidic whey-based drinks 0 340 107 0158 108 0 878 101 
[0 93 1 22] [0 97 1 21] [0 85 1 21] 
Carbonated soft drink 0.016 104 0 256 102 0 338 102 
[101 107] [0 99 105] [0 98 106] 
Fruit lemonade 0 954 100 0 350 102 0 520 102 
[0 94 106] [0 98 107] [0 95 110] 
Lemonade squash 0 363 0 98 0 314 0 98 0 979 100 
[0 94 1 02] [0 95 1 02] [0 94 1 06] 
Energy/Sports drink 0 370 0 95 0 684 0 98 0 680 1 03 
[0 86 106] [0 90 107] [0 90 118] 
Alcoholic mixed drink 0 051 1 29 0.002 145 0 528 112 
[100 167] [115 182] [0 78 159] 
Milk products 0.024 0 95 0.031 0 96 0 753 1 01 
[0 91 0 99] [0 92 1 00] [0 95 1 07] 
Yoghurt products 0.033 0 88 0.001 0 84 0 530 105 
[0 78 0 99] [0 76 0 93] [0 90 1 23] 
Sour Vegetables 0 220 107 0 314 105 0 793 102 
[0 96 119] [0 96 115] [0 88 118] 
Chewing gum 0 487 101 0 617 101 0 852 100 
[0 98 104] [0 98 103] [0 96 104] 
Bite force (100N) 0 808 102 0 589 0 96 0 589 107 
[0 85 1 23] [0 81 1 12] [0 84 1 37] 
Ortho 0 295 0 78 0198 0 76 0 942 102 
[0 49 124] [0 51 115] [0 55 191] 
Gender (female=1) 0 383 0 81 0 001 0 51 0122 161 
[0 51 1 29] [0 34 0 75] [0 87 2 97] 
Anterior contact 0120 190 0 202 0 63 0.045 3 02 
[0 84 4 29] [0 31 128] [100 9 03] 
Direct swallow 0 535 0 75 0105 0 51 0 546 145 
[0 30 187] [0 23 115] [0 42 5 03] 
Straw 0 560 0 71 0 414 154 0 328 216 
[0 22 2 25] [0 55 4 29] [0 45 10 4] 
Tooth grinding 0.013 2 93 <0.001 4 00 0 598 136 
[1 25 6 87] [1 84 8 68] [0 42 4 41] 
Vitamin 0 269 0 86 0 297 113 0129 131 
[0 66 112] [0 90 1 41] [0 92 1 86] 
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Discussion 
In an earlier paper differences in association between incidence and background 
variables (socio-economic status and gender) between lower first molars and 
upper incisors were found 'e It was hypothesized that this could indicate a 
difference in aetiology In the present study carbonated soft drinks and gender 
showed significant difference in association with the incidence of erosive wear 
between lower first molars and upper incisors To see whether factors related to 
the incidence of erosive wear in upper incisors are really different from factors 
related to the incidence of erosive wear in lower first molars, the odds ratios and 
its 95% confidence interval of the analyzed factors were compared In our study, 
except for the factor anterior contact, no statistical significant difference between 
the incidence models was found However for gender and vitamin the p-values 
were relatively low The wide confidence intervals between the ORs indicate a 
limited power So based on this study a difference for gender and vitamin between 
the incidence models could not be excluded 
Many studies has been published on erosion of dietary origin and showed diet to 
be an important etiological factor for the development and progression of erosion 2 5 2 6 
Although the influence of acidic foods and drinks has been demonstrated in both in 
vitro studies and clinical studies, contradictory results regarding the relationship 
between the consumption of erosive products and erosive wear were found between 
clinical studies'β 1 0 2 7 2 β In the present study, alcoholic mixed drink was positively 
associated with the incidence of erosive wear in lower first molars Carbonated soft 
drinks and alcoholic mixed drink, of which the latter almost reached significance, 
were positively associated with upper incisor erosive wear 
Drinking habits as swishing or holding the drink m the mouth were not 
significantly associated with lower first molar or upper incisor erosive wear These 
findings differ from the results of a cross-sectional study which demonstrated a 
significant positive association between 'swishing carbonated drinks' and the 
prevalence of smooth bordered wear in lower molars and a significant inverse 
relationship between 'acidic drinks' and the prevalence of smooth bordered wear 
in upper anterior teeth 3 
Erosive wear is less likely to occur m adolescents consuming milk and yoghurt 
products, this goes for both lower first molars as well as for upper incisors 
Besides that milk proteins may contribute to the protective effect of the salivary 
pellicle, the consumption of dairy products may represent a lifestyle that reduces 
the chance of erosive wear to occur 
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Tooth grinding proved to be a significant risk factor for both lower first molar 
and upper incisor erosive wear. The recording of tooth substance loss, during the 
clinical examinations, was done irrespective of the assumed aetiology. Erosive 
wear was scored when smooth bordered wear was detected.3 Sharp bordered 
wear (pure attrition) mainly seen on incisai edges was not scored as erosive wear. 
Tooth grinding as a positively associated factor for occlusal lower first molar 
erosive shows that also an attritional factor may play a role in the erosive process. 
In assessing the relationship between the prevalence of erosion and dietary 
intake, Al Dlaigan et al.12 excluded wear on incisai and occlusal surfaces to 
minimise the influence of any tooth surface loss caused by attrition. Ganss et al.6 
stated that cupping/grooving of occlusal/incisal surfaces is not a valid criterion 
for erosion, because this kind of tooth wear was also seen in medieval subjects 
who lived on an abrasive diet. 
It is often stated that tooth wear in adults is more likely to be attributed to a 
combination of attrition, abrasion and erosion and that in a young age-group the 
main aetiological factor for tooth wear is erosion.12 The present study, in which tooth 
grinding was found to be a big contributor in the incidence of erosive wear, suggests 
that erosive wear even in young people has a multifactorial aetiology. 
Van Rijkom et al.3 suggested that the bite force could explain the difference found in 
prevalence of erosive tooth wear between boys and girls. One could also imagine 
that bite force plays a bigger role in the erosion experience of molars than in anterior 
teeth.'8 But in the present study, after correction for all other factors including bite 
force, the association between gender and the incidence of erosive wear in lower first 
molar continues to be significant. Lower first molars in girls having 49% lower chance 
of developing erosive wear than lower first molars in boys. No significant gender 
association with the incidence of upper incisor erosion was found. Further investigation 
is needed to reveal the true risk factor which gender for now conceals. 
Conclusions 
In the present study, except for anterior contact, no difference in risk factors 
between the incidence of erosive wear in lower first molars and upper incisors 
was found. This indicates that the aetiology of erosive wear in lower first molars is 
similar to that in upper incisors. 
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7 General discussion 

GENEHAL DISCUSSION 
Like many oral diseases, such as dental caries and periodontal disease, erosive 
tooth wear is a condition with a multifactorial aetiology. It is unlikely that one or 
two isolated factors will be found to be responsible for such a condition.1 In the 
last decades erosion has attracted a great research effort. In addition, the 
awareness of the dental profession regarding erosion worldwide has increased. 
Awareness of erosion within the wider population is still limited. Although the 
actual clinical scientific evidence on the aetiology of erosive tooth wear is still 
limited, the combination of all available evidence based on animal studies, in vitro 
studies and clinical studies, strongly supports the role of many commonly 
consumed acidic foods and beverages. However, from animal and in vitro studies 
only general conclusions can be reached. Clinical studies are needed to gain 
more insight in the aetiology of erosive tooth wear. Most of the clinical literature is 
based on case histories and cross-sectional studies that attempt to link clinical 
findings with a particular factor. We identified an urgent need for longitudinal 
clinical studies on the aetiology of erosive tooth wear. This PhD research project 
attempted to meet this need, providing insight in the multifactorial aetiology of 
erosive tooth wear amongst adolescents. 
Research methodology 
Sample 
The population sample for the central study of this thesis was taken from a 
paediatric dental clinic in Oss, the Netherlands. With this convenience sample, 
we could easily reach a large group of young adolescents that were already used 
to go for regular dental check-ups every 6 months. The advantage of a young 
study sample for studying erosion over a period of time is that at intake a large 
part of the group will not yet show signs of erosion. So in a young sample the 
highest incidence can be expected. The results of the study (chapter 3) confirm 
this assumption, the incidence of erosive tooth wear, in previously erosion-free 
children, decreased significantly with age. At the age of 11 we found an incidence 
of 26.5%, at the age of 14 this percentage had dropped to 6.4%. The benefits of 
choosing an older study sample could have been that more pronounced forms of 
erosive tooth wear would have been present, and that the older subjects would 
have been exposed to risk factors for a longer time. On the other hand, since 
abrasion and attrition are more likely to be present at older ages,2 erosion will less 
likely be the dominant type of tooth wear, which complicates the diagnosis. 
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Prior to the studies a power calculation was conducted to assess the number of 
children that needed to be included The study sample at baseline consisted of 
656 children Ending up with 572 children at the 3-year evaluation, the loss to 
follow-up (9 8%) was substantially lower than the calculated 15%, reflecting the 
stable patient population of the pediatric clinic The mam reason for the dropout 
was that the subjects concerned were no longer registered as patients m the 
dental clinic The dropout did not bring a shift in gender and socio-economic 
status distribution of the initial study sample Within the size of the study enough 
events occurred to allow the multivariate analysis of a large number of factors with 
the incidence and progression of erosive wear 
The socio-economic status (SES, low, medium and high) categorisation was 
based on income, level of education and house ownership SES was assessed 
using the children's six-digit residential postcodes This is a precise method with 
a mean of 21 households per postcode No efforts were made to take a 
representative sample, but when comparing the gender distribution (50 6% boys) 
and SES distribution (40 8% low, 38 7% medium, 19 5% high) of the study sample 
with the Dutch population in these age groups (511% boys, 391% low, 411% 
medium and 19 8% high SES), we found that the distributions were m near 
accordance The inclusion of a such a large number of children from a low 
socio-economic and also from a non-western background is remarkable, as it is 
often difficult to include these children in a nutrition survey (chapter 4) 
Erosive tooth wear index 
The index applied in thesis is a modification of the dental erosion index proposed 
by Lussi3 Based on clinical appearance distinction between sound, initial enamel, 
deep enamel and dentin erosion was made Ganss et al4 tested the validity of the 
visual diagnosis 'dentin exposed' and found it to be poor Until now, limited efforts 
have been made to validate the erosion indices Most studies do test the reliability 
before conducted the study In our studies, we found at baseline kappa values for 
inter examiner agreement on tooth and mouth level of 0 65 and 0 40, respectively 
For the 1 5-year evaluation, these values were 0 57 and 0 76 The kappa value for 
mtra-exammer agreement of the principal investigator for tooth level was 0 92 and 
0 86 for mouth level 
In our study population severe forms of erosive wear were rare, most lesions 
were classified as grade 1 (initial enamel loss) Diagnosis of early signs and 
symptoms of erosion, in particular grade 1, is difficult and may be less accurate 
The problem with diagnosing early signs of erosion in young populations is 
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reflected by the number of reversals. Of the children with erosion at baseline, 
19.1% children showed reversal at the final 3-year examination. However, for 83% 
of these children, it involved initial enamel erosion on just one tooth surface. The 
results of Dugmore and Rock5 showed reversal in 12-year-old children with erosion 
of 7.5% over two years. 
The scoring system of erosive tooth wear (a four-scale grading of severity) 
used in this study was introduced by Lussi.3 The last decades a large number of 
indices have been developed for diagnosing, grading and monitoring dental hard 
tissue loss. Most of these indices have their roots in the indices of Eccles6 and 
Smith and Knight.7 It is doubtful whether any of these indices described are 
sensitive enough to diagnose initial enamel lesions accurately from visual 
examination. To date, there is not one ideal index that can be used for epidemio-
logical studies. At the 1995 International Life Sciences Institute-Europe workshop 
on dental erosion, the development of a clinical index for assessment of 
progression of dental erosion and the validation of a proposed erosion index for 
large-scale epidemiological surveys was recommended. 15 Years later, this 
recommendation is still relevant. Recently, a new scoring system - the BEWE (the 
Basic Erosive Wear Examination) - was proposed by an international workgroup.8 
It is purportedly designed to be a simple, reproducible and transferable scoring 
system and records at the sextant level. In our opinion, the use of the BEWE will 
not solve the problem of diagnosing erosive wear reliably, particularly regarding 
initial enamel loss. 
In our study sample erosive tooth wear was predominantly found on palatal 
surfaces of upper anterior teeth and on occlusal surfaces of lower first molars. 
This is in agreement with the findings of Jaeggi and Lussi.9 A novelty in the present 
study is the detailed assessment of occlusal surfaces of permanent molars and 
palatal surfaces of upper anterior teeth. In first molars, cusp tops, especially the 
mesiobuccal cusp tops, were more often eroded than cusp slopes. A possible 
explanation is that the enamel layer around the cusp tops is thinner.10 The lesions 
on the cusp tops were cup-shaped. In most cases, contact with the antagonists 
during occlusion or dynamic occlusion was no longer present. Therefore the 
progression of these lesions could not be attributed only to attrition but must have 
involved erosion and/or three-body wear. 
Questionnaire 
We were able to follow children during a 3-year period and collect dietary 
information over that entire period by the same dietary assessment method. The 
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questionnaire response over the 3-year period was high, of the 656 children who 
participated in the study, 649 children returned one or more completed 
questionnaires The total number of completed questionnaires was 4230, 
representing an average of more that 6 questionnaires per subject A limitation of 
using a questionnaire was that the consumption data relied on self-reporting We 
also did not have information on total dietary intake, because the questionnaire 
focussed on specific foods and drinks thought to be related to tooth erosion On 
the other hand, the questionnaire was specifically developed for this young 
population, designed in an attractive way, and based on dietary information from 
this specific age group It was pretested and evaluated as satisfactory on face 
and content validity11 Dietary intake was assessed using an un-quantified food 
frequency questionnaire as opposed to a more individualised method such as 
weighted dietary records However, studies comparing the results using food 
frequency questionnaires and weighted dietary records have found that the 
resulting dietary patterns were comparable12 Besides, the mam objective of the 
dietary questionnaire was to explore the frequency of consumption of food and 
drinks in relation to erosion risk and not the individual nutrients intake 
Research design 
One of the major strengths of the central study in this thesis is that it is longitudinal 
Most epidemiological studies on risk factors for erosive tooth wear have been 
cross-sectional,'320but since wear accumulates over a long period, longitudinal 
studies provide more conclusive evidence on the role and interplay of different 
risk factors for the development of erosive tooth wear Another strength is that a 
large group of behavioural and biological factors have been examined The 
selection of factors has been done m an open approach, knowing that erosive 
wear is a combination of erosion, abrasion and attrition Therefore, the factors 
ranged from dietary factors to more mechanical factors (e g , oral hygiene 
practices, tooth grinding, anterior contact) Not only acidic food and drinks were 
investigated but also foodstuffs that could represent some kind of lifestyle or 
special dietary behaviour 
Our study focussed on acids from the diet, no attention was paid to intrinsic 
acids like gastro-oesophageal reflux A typical clinical sign of dental erosion from 
intrinsic causes is reported to be palatal erosion and buccal erosion of the lower 
anterior teeth Except on upper anterior teeth no palatal erosion was found in our 
subjects, and buccal erosion of lower teeth was not seen at all Heartburn is the 
most common symptom of reflux disease Nebel et al21 reported that 7% of 
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normal individuals complained of daily heartburn. Heartburn does not correlate 
well to the development of dental erosion. There have been a couple of studies 
investigating the reporting of symptoms by patients and the presence of dental 
erosion.2224 Whilst a clear correlation between the reported symptoms and the 
existence of dental erosion was not observed, these studies suggest that reflux 
has the potential to cause dental erosion. Therefore, from an aetiological, 
multifactorial perspective, it has been an omission in our study to not record 
symptoms of reflux, despite the difficulty concerning the value of the reported 
symptoms of reflux. 
Statistical approach 
In spite of the widespread knowledge that erosive tooth wear is a multifactorial 
condition, many studies analyzed univariately. To appreciate the multifactorial 
nature of erosive wear and to be able to estimate of the relative importance of 
studied factors and to reduce confounding, the data of the last two studies of this 
thesis were analyzed with multivariate logistic regression. A large discrepancy 
was found between uni- and multivariate analyses, showing the weakness of 
evidence of the first kind of data analysis. 
Main results 
Carbonated soft drinks 
Acidic food and drinks, in particular in young children and adolescents, have 
been considered as the main extrinsic sources of erosive agent.125"29 Of these, 
carbonated soft drinks are often seen as the main cause of erosion. In prevention 
messages a large emphasis is put on the reduction of carbonated soft drink 
consumption. In the USA the consumption of soft drinks increased in 20 years by 
300% 30 and serving size increased from 185g in the 1950s to 570g in the late 
1990s. In 1995, between 56 and 86% of the schoolchildren in the USA consumed 
at least one soft drink a day, with the highest consumption in male adolescents. 
Of this group 20% consumed four or more drinks a day. This amount has been 
associated with the presence and progression of erosion when other risk factors 
exist.17·26 In the Netherlands the yearly intake of carbonated soft drink per person, 
in 2009, was 102.7 litres.31 The mean consumption of carbonated soft drinks in 
our study, of 8.8 glasses per week, is in near accordance with the average yearly 
consumption of soft drinks in the Netherlands. Around 50% of the subjects in the 
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study consumed at least one carbonated soft drink per day Only 2 6% of the total 
study group consumed four or more drinks per day 
The multivariate logistic regression analyses revealed positive associations 
between the number of intakes of carbonated soft drinks and the incidence and 
progression of erosive tooth wear However, only for the incidence of erosive wear 
in upper incisors the association was significant For the incidence and progression 
of erosive wear on mouth level and for the incidence of erosive wear in lower first 
molars the positive associations with carbonated soft drinks were not significant 
Some other reports did also not identify a significantly positive association 16323:î 
The power of our study and the variation in carbonated soft drink consumption 
were sufficient to reveal a significant positive association, had there been any of 
substantial size 
In line with others,'726 Dugmore and Rock5 found in a longitudinal study a 
significantly positive association between carbonated soft drink and erosion One 
reason for this difference with our result could be that in the study of Dugmore 
and Rock5 the average consumption was much higher, 40 9% of the 12-year-olds 
drank three or more glasses per day, by age 14 this increased to 45% In our 
studies only 5 4% of the subjects consumed three glasses or more per day 
Another reason could be found in the fact that in our study all estimated effects 
are corrected for a considerably wider range of factors Moreover, the association 
in the study of Dugmore and Rock5 was with prevalence 2 years after measurement, 
whereas we chose to analyze the association of factors on the incidence and 
progression of tooth erosion, which we feel is more appropriate 
Milk/ yoghurt products 
The consumption of a dairy product directly after an acidic intake may neutralize 
the acid and therefore minimize the erosive damage In our study we separated 
dairy products into subgroups like cheese, milk and yoghurt products In our 
analyses we did not consider the time and order of consumption of the foods and 
drinks As dairy products were mainly consumed from breakfast until lunchtime 
and fruits and carbonated soft drinks later the day we did not expect any role for 
the order of consumption 
We found that erosive wear is less likely to occur and progress in adolescents 
consuming milk and yoghurt products Milk proteins may contribute to the 
protective effect of the salivary pellicle, but the consumption of dairy products 
may also represent a lifestyle that reduces the chance of erosive wear 
120 
GENERAL DISCUSSION 
Drinking methods 
The method of drinking has been shown to influence erosion.3435 In our study, we 
investigated the role of swishing, 'direct swallow' and straw use in erosive tooth 
wear. No significant associations between these drinking methods and erosive 
wear were found. Due to a limited power in determining the effect of 'direct 
swallow' an association between 'direct swallow' and the incidence of erosive 
wear cannot be excluded based on our analysis. Future research should perhaps 
focus on specifying the drinking method for each category of drinks. 
Tooth grinding 
In the studies of this thesis tooth grinding during sleep was found to be significantly 
associated with the incidence of erosive tooth wear. The combined presence of 
acidic intake and tooth grinding gave an extra risk (interaction). These findings 
point out that not only acidic dietary products play a role in the development of 
erosive wear. 
Estimating nocturnal tooth grinding through questionnaires is not the most 
accurate way to determine nocturnal parafunctional activity. Polysomnography is 
seen as the golden standard. For this the subjects would have had to undergo 
polysomnography during one night for several times during the study. This is 
clearly not feasible in an epidemiological field study, such as we have conducted. 
It would have negatively influenced the number of participants and secondly tooth 
grinding during sleep varies over time as well as from night to night. In our study, 
information on tooth grinding of the child was mostly based on reports by 
accompanying parents. In general, it is a bed partner or family member who 
provides the most reliable report on current grinding in a given individual.36 In 
addition, during the study period, information on tooth grinding was collected 
every 6 months, over the whole 3-yr study period. By combining the tooth grinding 
scores over this long period of time, we assume that the variability of tooth 
grinding events was averaged, resulting in more accurate information on tooth 
grinding patterns over a longer period of time. 
It is often stated that tooth wear in adults is more likely to be attributed to a 
combination of attrition, abrasion and erosion and that in a young age-group the 
main aetiological factor for tooth wear is erosion.18 Our study, in which tooth 
grinding was found to be a big contributor in the incidence of erosive wear, 
suggests that even in young people erosive wear has a multifactorial aetiology. 
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Saliva 
Saliva is an important biological parameter in the development of erosive tooth 
wear During an erosive challenge several salivary protective mechanisms come 
into play Studies have shown that erosion may be associated with low salivary 
flow and/ or buffering capacity'326 Tests of the stimulated and unstimulated flow 
rate as well as of the buffer capacity of saliva may provide some information 
about the susceptibility of an individual to dental erosion In our study, only the 
flow rate of unstimulated saliva and its pH were measured We found no correlation 
between these factors and the incidence or progression of erosive tooth wear It 
cannot be excluded that other parameters in the saliva, such as buffer capacity, 
concentration of certain minerals or proteins, would have been correlated with the 
incidence or progression of erosive tooth wear 
Upper incisors versus lower first molars 
In the study of chapter 3 of this thesis differences in association between incidence 
and background variables (socio-economic status and gender) between lower 
first molars and upper incisors were found It was hypothesized that this could 
indicate a difference in aetiology In the study of chapter 6 carbonated soft drinks 
and gender showed significant difference in association with the incidence of 
erosive wear between lower first molars and upper incisors To see whether 
factors related to the incidence of erosive wear in upper incisors were really 
different from factors related to the incidence of erosive wear in lower first molars, 
the odds ratios and its 95% confidence interval of the analyzed factors were 
compared Except for the factor anterior contact, no statistical significant 
difference between the incidence models was found However for gender and 
vitamin use the p-values were relatively low The wide confidence intervals for the 
ORs indicate a limited power So based on this study a difference for gender and 
vitamin between the incidence models could not be excluded 
Conclusions 
In our young population sample erosive tooth wear was common, but severe 
forms of erosive wear were not found In children with erosive wear the 
condition was still in an initial stage However, an increase m new and more 
pronounced lesions was found in a relatively short period of time Therefore, 
monitoring of adolescents with initial signs of tooth erosion as well as a high 
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standard of awareness of dental professionals is recommended. 
- The subjects in our study showed that whereas the severity of erosive wear 
increased with age, there remained a group of subjects that did not develop 
erosive tooth wear. 
Regarding the influence of gender, age and socio-economic background on 
the prevalence, incidence and progression of erosive wear the following was 
found: 
o The prevalence of erosive wear was higher in boys than girls as it was in 
children from a low socio-economic background compared to other 
children, 
o The incidence of erosive wear decreased significantly with age and did 
not differ between boys and girls. The incidence in children with a low 
socio-economic status was higher than in other children, 
o The progression in mouth erosion score did not significantly change with 
age and was higher in boys than girls. There was no difference found 
between the low and medium socio-economic groups or between the low 
and high socio-economic groups. 
In adolescents with erosive wear, the first molars (especially the lower ones) 
and upper anterior teeth were mostly involved. Erosive wear lesions in molars 
wear mainly located on the occlusal surface, while in upper anterior teeth 
these were situated on the palatal surface. In first molars, cusp tops, especially 
the mesiobuccal cusp tops, were more often eroded than cusp slopes. 
During a relatively short period of time the intake of beverages, fruit, and dairy 
products changed negatively with regard to health. These changes with age 
also influence the dietary risk for erosive tooth wear. Health promotion 
programs and erosion prevention messages must be tailor made in order to 
address the differences found in intake between the different gender, 
socio-economic and ethnic groups. 
- The aetiology of erosive wear among this population of Dutch adolescents is 
complex and includes more than just dietary acids. The role of carbonated 
soft drinks in the incidence and progression of erosive wear is smaller than 
expected. Factors such as tooth grinding and the consumption of milk and 
yoghurt products play a larger role than previously expected. The total 
consumption of acidic foods and drinks interacts with tooth grinding and a 
combination of both presents an extra risk for erosive wear. 
Except for anterior contact, the factors playing a role in the incidence of 
erosive wear in upper incisors and lower first molars are similar. 
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Future research 
The results of the studies in this thesis concerning gender, milk and yoghurt 
products need further research In male adolescents the erosive wear in lower 
first molars progresses faster than in girls It was hypothesized that bite force 
could explain this gender difference But we corrected for this in the final statistical 
analysis, together with other logical explanations, like difference in carbonated 
soft drink or alcoholic mixed drink consumption, and the gender difference still 
remained Further investigation is needed to reveal the true risk factors which 
gender for now conceals 
In adolescents with high intakes of milk and/ or yoghurt products, we found a 
lower incidence and progression of erosive wear To formulate adequate preventive 
measures it is important to find out through which mechanism the protective 
effects of these products work Could it be that the calcium and phosphate m 
these products reharden the softened dental tissue after an acidic challenge'? For 
this, the adolescents in our studies must have consumed milk or yoghurt directly 
after an acidic intake, which is not plausible One could also speculate that the 
milk proteins may contribute to the protective effect of the salivary pellicle or that 
the consumption of dairy products may represent a lifestyle that reduces the 
change of erosive wear to progress In order to clarify the mechanism of action 
more research is needed 
It is clear that the aetiology of erosive tooth wear is more complex than previously 
thought Although we have lifted a tip of the veil, many studies in different groups, 
looking at many factors, will be needed to complete the picture 
124 
GENERAL DISCUSSION 
References 
1 Lussi A, Jaeggi Τ Erosion-diagnosis and risk 
factors Clinical Oral Investigations 2008.12 S5-
S13 
2 Ganss C How valid are current diagnostic 
criteria for dental erosion? Clinical Oral 
Investigations 2008,12 S41-S49 
3 Lussi A Dental erosion clinical diagnosis and 
case history taking European Journal of Oral 
Sciences 1996,104 191-198 
4 Ganss C Definition of erosion and links to tooth 
wear Monographs in Oral Science 2006,20 9-16 
5 Dugmore CR, Rock WP A multifactorial analysis 
of (actors associated with dental erosion British 
Dental Journal 2004,196 283-286 
6 EcclesJD Dental erosion of noninduslnal origin 
A clinical survey and classification Journal of 
Prosthetic Dentistry 1979,42 649-653 
7 Smith BG, Knight JK An index for measuring the 
wear of teeth British Dental Journal 1984,156 435-
438 
8 Bartlell D, Ganss C, Lussi A Basic erosive wear 
examination (BEWE) a new scoring system for 
scientific and clinical needs Clinical Oral 
Investigations 2008,12 S65-S68 
9 Jaeggi T, Lussi A Prevalence, incidence and 
distribution of erosion Monographs in Oral 
Science 2006,20 44-65 
10 Kono RT, Suwa G, Tani|iri Τ A three-dimensional 
analysis ol enamel distribution patterns in 
human permanent first molars Archives ol Oral 
Biology 2002,47 867-875 
11 Van Aalst L, van Rijkom HM, Trum GJ, van 't Hof 
MA, van Staveren W, Meyboom S Voeding en 
tanderosie Ontwikkeling en evaluatie van een 
voedselvragenlijst, pilotstudie Intern rapport 2002 
12 Hu FB, Rimm E, Smith-Warner SA, Feskamch D, 
Stampfer MJ, Ascheno A, et al Reproducibility 
and validity of dietary patterns assessed with a 
food-frequency questionnaire American Journal 
of Clinical Nutrition 1999,69 243-249 
13 Jarvinen VK, Rytomaa II, Hemonen OP Risk 
factors in dental erosion Journal of Dental 
Research 1991,70 942-947 
14 Millward A, Shaw L, Smith A Dental erosion in 
four-year-old children Irom differing 
socioeconomic backgrounds ASDC Journal of 
Dentistry tor Children 1994,61 263-266 
15 Johansson AK, Johansson A, Birkhed D, Omar 
R, Baghdadi S, Carlsson GE Dental erosion, 
soft-drink intake, and oral health in young Saudi 
men. and the development of a system for 
assessing erosive anterior tooth wear Acta 
Odontologica Scandmavica 1996,54 369-378 
16 Bartlett DW, Coward PY, Nikkah C, Wilson RF 
The prevalence of tooth wear in a cluster sample 
of adolescent schoolchildren and its relationship 
with potential explanatory factors British Dental 
Journal 1998,184 125-129 
17 O'Sullivan EA, Curzon ME A comparison of 
acidic dietary factors in children with and without 
dental erosion ASDC Journal ol Dentistry for 
Children 2000,67 186-192 
18 Al-Dlaigan YH.ShawL.SmithA Dental erosion 
in a group of British 14-year-old school children 
Part II Influence of dietary intake British Dental 
Journal 2001,190 258-261 
19 Arnadottir IB, Saemundsson SR, Holbrook WP 
Dental erosion in Icelandic teenagers in relation 
to dietary and lifestyle factors Acfa Odontologica 
Scandmavica 2003,61 25-28 
20 Waterhouse PJ, Auad SM, Nunn JH, Steen IN, 
Moymhan PJ Diet and dental erosion in young 
people in south-east Brazil International Journal 
Paediatnc Dentistry 2008,18 353-360 
21 Nebel OT, Fornes MF, Castell DO Symptomatic 
gastroesophageal reflux incidence and 
precipitating factors American Journal of 
Digestive Diseases 1976,21 953-956 
22 Jarvinen V, Meurman JH. Hyvarmen H, Rytomaa 
I, Murtomaa H Dental erosion and upper gas­
trointestinal disorders Oral Surgery, Oral 
Medicine, and Oral Pathology 1988,65 298-303 
23 Moazzez R, Bartlett D, Anggiansah A Dental 
erosion, gastro-oesophageal reflux disease and 
saliva how are they related7 Journal of Dentistry 
2004,32 489-494 
24 Gudmundsson K, Knslleifsson G, Theodors A, 
Holbrook WP Tooth erosion, gastroesophageal 
reflux, and salivary buffer capacity Oral Surgery, 
Oral Medicine, Oral Pathology, Oral Radiology, 
and Endodontics 1995,79 185-189 
25 Imfeld Τ Dental erosion Definition, classification 
and links European Journal of Oral Sciences 
1996,104 151-155 
125 
CHAPTER 7 
26 Lussi A, Schaffner M Progression of and risk 
factors for dental erosion and wedge-shaped 
defects over a 6-year period Canes Research 
2000,34 182-187 
27 Dugmore CR, Rock WP The progression of tooth 
erosion in a cohort of adolescents of mixed 
ethnicity International Journal Paedatnc Dentistry 
2003,13 295-303 
28 Lussi A, Jaeggi T, Zero D The role of diet in the 
aetiology of dental erosion Canes Research 
2004,38 34-44 
29 Bartlell D Intrinsic causes of erosion 
Monographs in Oral Science 2006.20 119-139 
30 Cavadini C, Siega-Riz AM, Popkin BM US 
adolescent food intake trends from 1965 to 
1996 Archives of Disease in Childhood 
2000,83 18-24 
31 Dutch Association for Soft Drinks, Waters, Juices 
(FWS) Basic statistical information The Hague, 
2009 
32 van Ri|kom HM, Trum GJ, Frencken JEFM, König 
KG, van 't Hof MA, Bronkhorst EM, et al Prevalence, 
distribution and background vanables of 
smooth-bordered tooth wear in teenagers in The 
Hague, The Netherlands Canes Research 
2002,36 147-154 
33 Milosevic A, Bardsley PF, Taylor S Epidemio-
logical studies of tooth wear and dental erosion 
in 14-year old children in North West England 
Part2 The association of diet and habits British 
Dental Journal 2004,197 479-483 
34 Moazzez R, Smith BGN, Bartlett DW Oral pH and 
drinking habit during ingestion of a carbonated 
drink in a group of adolescents with dental erosion 
Journal of Dentistry 2000,28 395-397 
35 Johansson AK, Lmgstrom P, Birkhed D 
Comparison of factors potentially related to the 
occurrence of dental erosion in high-and 
low-erosion groups European Journal of Oral 
Sciences 2002,110 204-211 
36 Lavigne GJ, Khoury S. Abe S, Yamaguchi T, 
Raphael Κ Bruxism physiology and pathology 
an overview for clinicians Journal of Oral 
Rehabilitation 2008,35 476-494 
126 
GENERAL DISCUSSION 
Β 
127 

? 
8 Summary 

SUMMARY 
During a lifetime, the dentition is exposed to physical and chemical insults. This 
could result in unacceptable levels of tooth substance loss which can cause pain, 
loss of function or loss of aesthetics. Control of erosive tooth wear is becoming 
increasingly important in the management of the long-term health of the dentition, 
as there seems to be evidence that the condition is growing steadily. Early 
occurrence of erosive damage to the teeth, during adolescence, may lead to 
unacceptable tooth substance loss later in life. Therefore, it is essential to pick up 
early signs of erosive wear and to apply appropriate measurements as soon as 
possible. For this, awareness of the condition and comprehensive knowledge of 
risk factors are needed. Unfortunately, current literature related to the aetiology of 
erosive wear is inconclusive. Therefore, the research in this thesis focuses on 
unrevealing the multifactorial nature of erosive tooth wear. 
Chapter 1 gives an overview of the processes involved in tooth wear. Special 
attention is given to the clinical appearance of erosion and the manner in which 
erosion is classified and recorded in epidemiological studies through indices. 
Next to prevalence numbers in the Netherlands amongst adolescents, also the 
scarce incidence rates are cited. In order to halt the progression of erosive wear, 
it is important to recognize the condition as early as possible and to have 
knowledge about its aetiology. So that adequate preventive measures can be 
taken. Therefore, the general aim of the research described in this thesis was to 
reveal the aetiology of erosive wear in adolescents. The aetiology of erosive tooth 
wear is studied from a multifactorial approach. We also aimed to estimate the 
prevalence, incidence, progression and distribution of erosive tooth wear among 
adolescents. And to examine age, gender and socio-economic influences. The 
data of the food frequency questionnaires are analyzed to investigate the changes 
in consumption of beverages, fruits and dairy with age in adolescents and whether 
these changes are the same for different gender, socio-economic and ethnic 
groups. 
To meet these aims, we conducted a clinical study, that forms the core of this 
thesis. In April of 2004, we enrolled 656 regular attendees, aged 10 to 12 years, of 
a pediatric dental clinic m Oss, a medium-sized town with 57,300 inhabitants in 
the central part of the Netherlands. Approximately 35% of the 10-12-year-old 
children in Oss visit this dental clinic. The sample was reasonably balanced 
between boys (51%) and girls (49%). The study protocol was approved by 
Radboud University's research committee and informed consent was obtained 
from the parents or legal representatives of all participating children. The whole 
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dentition of the subjects were clinically examined on signs of erosive tooth wear, 
baseline (n=656), after 1 5 yrs (n=622) and finally after 3 yrs (n=572) The erosive 
wear scores were 0 (no visible erosion), 1 (initial enamel erosion), 2 (deep enamel 
erosion), 3 (dentin erosion) The kappa values for inter and intra-examiner 
agreement were fair to good Information on biological and behavioural factors 
was also obtained during the clinical examinations and by food frequency 
questionnaires, which the subjects completed every 6 months 
Chapter 2 reports on the baseline and 1 5-yr-interim results of the central study 
of this thesis and aims at estimating the prevalence, incidence, progression and 
distribution of erosion in a population of young adolescents Thirty-two percent of 
the subjects had erosion at baseline, which increased over 1 5 yrs to 42 8% The 
prevalence of deep enamel or dentine erosion increased from 1 8 to 13 3% At the 
1 5-year evaluation, significantly more boys than girls showed tooth erosion 
(OR=1 4), as did children with a low SES compared with children with a medium 
(OR=1 5) or high SES (OR=1 7) Of the erosion-free children, 24 2% developed 
erosion, with most (88 2%) developing initial enamel erosion The incidence of 
erosion did not differ significantly between boys and girls (OR=1 04) or between 
the SES groups For those subjects with erosion at baseline (n=200), erosive 
lesion depth or number progressed for 61% of them The progression was 
significantly higher in boys (67 6%) than in girls (52 8%) (OR=1 8) and did not 
differ significantly between the SES groups Erosion across the dentition was 
predominantly distributed in occlusal surfaces of lower first molars and palatal 
surfaces of upper anterior teeth Progression in upper anterior teeth was in the 
form of new erosive lesions, whereas in lower first molars, where the cusp tips 
rather than cusp slopes were affected, lesions became deeper The study 
concludes with the statement that sever forms of erosion in this young population 
were not found However, an increase m erosion was found in a relatively young 
population over a relatively short time Therefore, the monitoring of young people 
with initial signs of erosion, as well as a high of awareness of dental professionals 
is needed 
Chapter 3 presents a study that also includes the data gathered at the final 3 
yr-exammation of the central clinical study In contrast with the previous chapter 
the data were analysed on age basis instead of on examination rounds This was 
possible due to the longer follow-up period, which led to a larger age variation 
The study reports on the dynamics of erosion between the age of 11 and 15 
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years. Erosion was present in 30.4% of the 11-year-olds, and 44.2% in 15-year-olds. 
Deep enamel or dentin erosion was found in 1.8% of the 11-year-olds and in 23.8% 
of the 15-year-olds. The increment of the erosion prevalence and of initial enamel 
lesions was lower for each older age group, while the prevalence of deep enamel 
and dentin erosion was higher. Significantly more boys than girls showed erosion 
(OR=1.4) as did children from a low socio-economic background compared with 
other children (p=0.002). The incidence of erosion over 1.5 years at the age of 11, 
12,13, and 14 was 26.5, 15.8, 10.9, 6.4%, respectively. And over 3 years, 27.3% for 
the 11-year-olds and 20.2% for the 12-year-olds. The incidence of new tooth 
surfaces exhibiting erosion, in erosion-free children, decreased significantly with 
age (OR=0.56) and did not differ between boys and girls (p=0.223). The incidence 
in children with a low SES was higher than in children with a medium (OR=1.7) or 
high SES (OR=2.0). The progression in mouth erosion score over 1.5 years in 11, 
12, 13 and 14-year-olds was 36.8, 29.0, 31.1 and 50.0%, respectively. For 11 and 
12-year-olds the progression over 3 years was 56.3 and 44.9%, respectively. The 
progression in mouth erosion score did not significantly change with age 
(p=0.803) and was higher in boys than girls (OR=2.8). There was no differences 
found between the SES groups. Differences in association between incidence 
and background variables, gender and SES, between lower first molars and 
upper incisors were found. For lower first molars, the incidence in boys was 
significantly higher than in girls, while no socio-economic influences existed. For 
the upper incisors no gender effect was found, while the incidence in adolescents 
with a low socio-economic status was significantly higher than in adolescents 
with a medium or high socio-economic status. It was hypothesized that this could 
indicate a difference in aetiology. 
Dietary acids are seen as the most important extrinsic risk factor for erosive tooth 
wear among youngsters. No recent data on the food consumption among 
adolescents in the Netherlands are available. To gain an insight into the 
consumption of beverages, fruits and dairy, dietary data collected in the central 
clinical study were analyzed. The aim of the study in Chapter 4 was to investigate 
changes in consumption of beverages, fruits and dairy with age in adolescents. 
And whether these changes were the same for the different gender, socio-economic 
and ethnic groups. Main findings of the study were that with age, the overall mean 
consumption of beverages significantly declined by 0.15 glasses per day/ year 
(p<0.001). This decline was significantly larger in girls than in boys (p=0.003). 
The consumption of carbonated soft drink increased significantly with age in boys 
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(p=0 004) and in high SES children (p=0 003) when compared to girls and low 
SES children, respectively The overall fruit consumption declined significantly 
with age by 011 portion per day/ year (p<0 001) This decline was larger m the 
non-western than in the western group (p=0 036) With age, the overall dairy 
consumption declined significantly by 0 30 intake per day/year (p<0 001) Overall, 
the results indicate that during a relatively short period of time the intake of 
beverages, fruit, and dairy products changed negatively with regard to health 
And that health promotion programs must be tailor made in order to address the 
differences found in intake between different groups 
To unravel the multifactorial nature of erosive tooth wear a broad collection of 
biological and behavioural factors were associated with the incidence and 
progression of erosive tooth wear (Chapter 5) The selection of factors was done 
in an open approach, knowing that erosive tooth wear is a combination of erosion, 
abrasion and attrition Therefore, the factors ranged from dietary to more 
mechanical factors Not only acidic foods and drinks were considered but also 
foodstuffs that could represent some kind of lifestyle or special dietary behaviour 
Next to the clinical assessment of erosive tooth wear at baseline, at 1 5 and 3 yrs, 
information was obtained on unstimulated saliva volume and pH, maximum bite 
force, presence of canine guidance and of anterior contact, orthodontic treatment 
with or without headgear, plaque presence (biological factors) Through food 
frequency questionnaires, completed every 6 months, information was gathered 
on the dietary intake of the previous day of several foods and drinks, average/ 
normal behaviour regarding drinking habits while drinking a lemonade, fruit juice 
or carbonated soft drink (swishing, direct swallow, straw use), oral hygiene habits 
(frequency of tooth brushing, the use of a hard-bristle toothbrush) and tooth 
grinding The list of potential risk factors for erosive tooth wear consisted of 
forty-four factors To allow multivariate logistic regression the list of potential risk 
factors had to be reduced So only factors with a p-value lower than 10% m the 
univariate logistic regression were allowed in the multivariate models After 
running the multivariate analyses for associations with the incidence and 
progression of erosive wear the following factors appeared significantly associated 
with incidence alcoholic mixed drink (OR=1 82), sour vegetables (OR=116), 
tooth grinding (OR=4 03) and yoghurt products (OR=0 79) The intake of vitamin 
(OR=2 03), milk (OR=0 89) and yoghurt products (OR=0 76) were significantly 
associated with the progression To test whether interaction between chemical 
and mechanical factors/ drinking habits gave an added or reduced risk, both the 
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incidence and progression model were extended with interactions between the 
combined acidic products (carbonated soft drink, fruit lemonade, lemonade 
squash, energy/sports drink, alcoholic mixed drink and sour vegetables) and 
maximum bite force, tooth grinding, swishing, use of straw, "direct swallow". Of 
the models with interaction only the incidence model improved with the interaction 
acidic products and tooth grinding. The interaction of acidic products and tooth 
grinding showed a significant added risk (OR=1.2). This chapter concludes that 
the aetiology of erosive tooth wear in this population of Dutch adolescents is 
complex. Possible erosive components include more than acidic (soft) drinks, 
and factors such a tooth grinding may play a larger role than previously expected. 
In chapter 3 we found differences in association between incidence and 
background variables, gender and SES, between lower first molars and upper 
incisors. It was hypothesized that this could indicate a difference in aetiology. The 
study in Chapter 6 investigates whether there is a difference in association with 
the short list of potential risk factors of chapter 5 between the incidence of erosive 
wear in lower first molars and upper incisors. The results of the multivariate logistic 
regressions showed significant associations for the incidence of erosive wear in 
lower first molars with alcoholic mixed drink (OR=1.45), tooth grinding (OR=4.00), 
milk (OR=0.96) and yoghurt products (OR=0.84). The incidence of erosive wear 
in lower first molar was significantly lower in girls than in boys (OR=0.51). The 
following factors were associated with the incidence of erosive wear in upper 
incisors: carbonated soft drink (OR=1.04), tooth grinding (OR=2.93), milk 
(OR=0.95) and yoghurt products (OR=0.88). To see whether factors related to 
the incidence of erosive wear in upper incisors are really different from factors 
related to the incidence of erosive wear in lower first molars, the odds ratios and 
its 95% confidence interval of the analyzed factors were compared. In the study, 
except for the factor anterior contact, no statistical significant difference between 
the incidence models was found. Based on these results, we concluded that the 
aetiology of erosive wear in lower first molars is similar to that in upper incisors. 
Finally, Chapter 7 discusses the results, strengths and limitations of the conducted 
studies. The results of the different studies were linked and the significance and 
impact of the thesis were discussed. Furthermore, conclusions and recommen-
dations for further research are given. 
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Based on this thesis, we concluded that 
in our population of young adolescents mainly initial forms of erosive wear 
were present and that in a relatively short period of time an increase in new 
and more pronounced erosive lesions was found And that during the course 
of the study, a part of the population stayed free of erosive wear 
- the prevalence and progression of erosive wear were higher in boys than in 
girls Children from a low socio-economic background when compared to 
medium and high SES children, had a higher prevalence and incidence With 
age, a significant decrease in incidence was found The progression did not 
change with age 
in adolescents with erosive wear, the occlusal surface of lower first molars 
and palatal surface of upper anterior teeth were mostly involved In first molars, 
cusp tops, especially the mesiobuccal cusp top, were more often eroded than 
cusp slopes 
- with regard to health, the intake of beverages, fruit, and dairy products 
changed negatively 
- the aetiology of erosive wear among this population of Dutch adolescents is 
complex and includes more than just dietary acids The role of carbonated 
soft drinks is smaller than expected Factors such as tooth grinding and the 
consumption of milk and yoghurt products play a larger role than previously 
expected The total consumption of acidic foods and drinks interacts with 
tooth grinding and a combination of both presents an extra risk for erosive 
wear 
- except for anterior contact, the factors playing a role in the incidence of erosive 
wear in upper incisors and lower first molars are similar 
Future research is needed to reveal the true risk factors behind the influence of 
gender on the progression of erosive wear in lower first molars More research is 
necessary to clarify the mechanism of action of milk and yoghurt products on the 
incidence and progression of erosive wear 
With this thesis we have lifted a tip of the veil regarding the aetiology of erosive 
tooth wear, but to complete the picture, many clinical (epidemiological) studies in 
different groups, looking at many factors, will be needed 
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SAMENVATTING (SUMMARY IN DUTCH) 
Na eruptie, staat het gebit gedurende het leven bloot aan fysische en chemische 
invloeden Dit kan leiden tot een ernstig verlies van tandweefsel, dat pijn, 
verminderde functie of verminderde esthetiek tot gevolg kan hebben Er zijn 
aanwijzingen dat het probleem van erosieve gebitsslijtage in omvang gestaag 
groeit Waardoor het voor het behoud van het gebit op langer termijn, het steeds 
belangrijker wordt om erosieve gebitsslijtage te beperken Het tijdens adolescentie 
optreden van erosieve schade aan het gebit, kan op latere leeftijd leiden tot een 
pathologisch tandweefsel verlies Daarom is het belangrijk om vroege tekenen 
van erosieve gebitsslijtage te onderkennen en passende preventieve maatregelen 
te nemen Hiertoe zijn waakzaamheid van de tandheelkundige professie en 
uitgebreide kennis van risicofactoren nodig Helaas is de huidige literatuur met 
betrekking tot de etiologie van erosieve gebitsslijtage met eenduidig Met het 
onderzoek in dit proefschrift wilden wij een bijdrage leveren aan het ontrafelen 
van de multifactoriele etiologie van erosieve gebitsslijtage 
Hoofdstuk 1 geeft een overzicht van de processen die betrokken zijn bij 
gebitsslijtage Speciale aandacht wordt besteed aan de klinische verschijnings-
vormen van erosie en de wijze waarop erosie in epidemiologische studies door 
middel van indices wordt geclassificeerd en vastgelegd Naast de prevalentie 
cijfers van erosieve gebitsslijtage in Nederland onder de jeugd worden ook de 
schaarse mcidentie cijfers genoemd Om de progressie van erosieve gebitsslijtage 
een halt toe te roepen, is het belangrijk om de conditie zo vroeg mogelijk te 
herkennen en kennis te hebben van de etiologie van de conditie om zo adequate 
preventieve maatregelen toe te kunnen passen Daarom was het hoofddoel van 
dit proefschrift het onderzoeken van de etiologie van erosieve gebitsslijtage bij 
adolescenten Dit werd vanuit een multifactorieel perspectief gedaan Ook werden 
de prevalentie, mcidentie, progressie en distributie van erosieve gebitsslijtage bij 
adolescenten onderzocht En bekeken werd wat de invloed van leeftijd, geslacht 
en de sociaaleconomische achtergrond van de kinderen op deze was De 
gegevens van voedselfrequentie vragenlijsten werden geanalyseerd om de 
veranderingen m de consumptie van dranken, fruit en zuivel met de leeftijd bij 
adolescenten te onderzoeken Tevens werd gekeken of deze veranderingen 
hetzelfde waren voor beide geslachten en verschillende sociaaleconomische en 
etnische groepen 
Om aan deze doelstellingen te voldoen, hebben WIJ een longitudinale klinische 
studie uitgevoerd, die de kern van dit proefschrift vormt In april van 2004 werden 
656 regelmatige bezoekers, m de leeftijd van 10 tot 12 jaar, van een kliniek van 
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jeugdtandverzorging in Oss, in de studie geincludeerd Oss is een middelgrote 
stad met 57 300 inwoners in het centrale deel van Nederland Ongeveer 35% van 
de 10 tot 12 jarigen in Oss bezoekt deze tandheelkundige kliniek De steekproef 
was evenwichtig verdeeld tussen jongens (51%) en meisjes (49%) Het 
studieprotocol werd vooraf goedgekeurd door de Commissie Mensgebonden 
Onderzoek Regio Arnhem-Nijmegen en informed consent werd verkregen van de 
ouders of wettelijke vertegenwoordigers van alle deelnemende kinderen Het hele 
gebit werd klinisch onderzocht op tekenen van erosieve gebitsslijtage, bij aanvang 
(n = 656), na 1,5 jaar (n = 622) en na 3 jaar (n = 572) De toegepaste erosieve 
slijtage scores waren 0 (geen zichtbare erosie), 1 (initiële glazuur erosie), 2 (diepe 
glazuur erosie), 3 (dentine erosie) De kappawaarden voor de inter- en mtra-on-
derzoekerovereenkomst waren redelijk tot goed Informatie over biologische 
factoren en gedragsfactoren werd tijdens het klinische onderzoek en met behulp 
van voedselfrequentie vragenlijsten, die elke 6 maanden werden ingevuld, 
verzameld 
Hoofdstuk 2 rapporteert over de resultaten van de begmmeting en de tussentijdse 
1,5-jaarsresultaten van de centrale studie van dit proefschrift en is gericht op het 
schatten van de prevalentie, incidentie, progressie en distributie van erosieve 
gebitsslijtage m een populatie van jonge adolescenten Tweeendertig procent 
van de adolescenten had erosieve gebitsslijtage bij aanvang van de studie, dit 
percentage steeg naar 42,8% na 1,5 jaar De prevalentie van diepe glazuur of 
dentine erosie steeg van 1,8 naar 13,3% BIJ de 1,5-jaarsevaluatie, bleken 
significant meer jongens dan meisjes erosieve gebitsslijtage te hebben (OR=1,4), 
evenals kinderen met een lage sociaaleconomische achtergrond (SES) in 
vergelijking met kinderen met een midden (OR=1,5) of hoge SES (OR=1,7) Van 
de erosievrije kinderen, ontwikkelde 24,2% erosie na 1,5 jaar, veelal in de vorm 
van initiële glazuur erosie (88,2%) De incidentie van erosieve gebitsslijtage 
verschilde met significant tussen jongens en meisjes (OR=1,04) of tussen de SES 
groepen In 61% van de adolescenten met erosieve gebitsslijtage bij aanvang van 
de studie, verergerde de erosieve gebitsslijtage m diepte en/ of aantal erosieve 
laesies De progressie was significant hoger bij jongens (67,6%) dan bij meisjes 
(52,8%) (OR=1,8) en verschilde met significant tussen de SES groepen Erosieve 
gebitsslijtage kwam voornamelijk voor op de occlusale vlakken van de eerste 
blijvende ondermolaren en de palatmale vlakken van het bovenfront De progressie 
van erosieve gebitsslijtage in het bovenfront was vooral in de vorm van nieuwe 
erosieve laesies, terwijl in de eerste ondermolaren, waar de knobbeltoppen vaker 
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dan de knobbelhellmgen aangedaan waren, de erosieve laesies dieper werden 
De conclusie van de studiewas hoewel ernstige vormen van erosieve gebitsshjtage 
in deze groep van jonge adolescenten met gevonden werden, er in een relatief 
korte periode een verergering van de conditie plaatsvond Daarom is monitoring 
van jonge personen met beginnende tekenen van erosieve gebitsshjtage en een 
hoge waakzaamheid van tandheelkundige professionals noodzakelijk 
Hoofdstuk 3 beschrijft een studie waarin ook de 3-jaars data van de centrale 
klinische studie zijn meegenomen In tegenstelling tot de studie m het vorige 
hoofdstuk zijn de data op leeftijdsbasis in plaats van op onderzoeksronde 
geanalyseerd Dit was mogelijk door de langere follow-up periode, die een grotere 
leeftijdsvariatie gaf De studie rapporteert over de dynamiek van erosieve 
gebitsshjtage tussen de leeftijd van 11 en 15 jaar 30,4% van de 11 jarigen had 
erosieve gebitsshjtage, bij de 15 jarigen was dit percentage 44,2% Diepe glazuur 
en dentine erosie werd bij 1,8% van de 11 jarigen en bij 23,8% van de 15-jarigen 
gevonden De toename in de prevalentie van erosieve gebitsshjtage en van initiële 
glazuur erosie werd voor iedere oudere leeftijdsgroep lager, terwijl de prevalentie 
van diepe glazuur en dentine erosie toenam Significant meer jongens dan 
meisjes hadden erosieve gebitsshjtage (OR=1,4) Erosieve gebitsshjtage kwam 
meer voor bij adolescenten met een lage SES dan bij leeftijdsgenoten uit midden 
en hoog SES (p=0,002) De mcidentie van erosieve gebitsshjtage over 1,5 jaar 
voor 11, 12, 13 en 14 jarigen was 26,5, 15,8, 10,9, 6,4%, respectievelijk En over 3 
jaar was de mcidentie voor 11 jarigen 27,3% en 20,2% voor 12 jarigen De mcidentie 
nam met de leeftijd significant af (OR=0,56) en verschilde met tussen jongens en 
meisjes (p=0,223) De mcidentie in adolescenten met een lage SES was significant 
hoger dan m adolescenten met een midden (OR=1,7) of een hoge SES (OR=2,0) 
De progressie m mond erosie score over 1,5 jaar voor 11,12, 13 en 14 jarigen was 
36,8, 29,0, 31,1 and 50,0%, respectievelijk En over 3 jaar, was de progressie in 11 
jarigen 56,3% en in 12 jarigen 44,9% De progressie in mond erosie score 
veranderde met significant met de leeftijd (p=0,803) en was significant hoger in 
jongens dan in meisjes (OR=2,8) Er werden geen verschillen tussen de SES 
groepen gevonden Associaties tussen mcidentie en achtergrondvariabelen, 
geslacht en SES, verschilden voor de eerste ondermolaren en de bovemncisie-
ven De mcidentie van erosieve gebitsshjtage m eerste ondermolaren bij jongens 
was significant hoger dan bij meisjes, terwijl geen SES invloed werd gevonden In 
bovenmcisieven werd er geen geslachtseffect voor de mcidentie gevonden maar 
wel dat de mcidentie m adolescenten met een lage SES significant hoger was dan 
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in anderen Dit zou kunnen betekenen dat er een verschil m etiologie is tussen 
erosieve gebitsslijtage in eerste ondermolaren en bovenmcisieven 
Bij de jeugd worden zuren uit het dieet als voornaamste extrinsieke risicofactor 
voor erosieve gebitsslijtage gezien Over de voedselconsumptie bij de jeugd in 
Nederland zijn weinig recente data beschikbaar Om inzicht te krijgen m de 
consumptie van dranken, fruit en zuivel, werden deze gegevens uit de centrale 
klinische studie geanalyseerd Het doel van de studie in hoofdstuk 4 was om 
veranderingen in consumptie van dranken, fruit en zuivel met de leeftijd in 
adolescenten te onderzoeken En te onderzoeken of de veranderingen hetzelfde 
waren voor de beide geslachten, SES en etnische groepen De hoofdbevindingen 
van de studie waren dat met toenemende leeftijd de totale consumptie van 
dranken significant daalde met 0,15 glazen per dag/ jaar (p<0,001) Deze daling 
was significant groter in meisjes dan in jongens (p=0,003) De consumptie van 
koolzuurhoudende frisdrank steeg significant met de leeftijd in jongens (p=0,004) 
en in kinderen met een hoge SES (p=0,003) in vergelijking met meisjes en 
kinderen met een lage SES, respectievelijk De totale fruitconsumptie daalde 
significant met de leeftijd met 0,11 portie per dag/ jaar (p<0,001) Deze daling 
was significant groter in de met-westerse dan in de westerse groep (p=0,036) 
Met de leeftijd, daalde de totale zuivelconsumptie met 0,030 inname per dag/ jaar 
(p<0,001) De resultaten laten zien dat in een relatief korte tijdsperiode de inname 
van dranken, fruit en zuivelproducten, vanuit gezondheidsperspectief, negatief 
veranderde En dat gezondheidspromotie programma's op maat gemaakt moeten 
worden, rekening houdend met de verschillen in inname tussen de groepen 
Om de multifactoriele etiologie van erosieve gebitsslijtage te ontrafelen werd een 
grote verzameling van biologische en gedragsfactoren in relatie tot de mcidentie 
en progressie van erosieve gebitsslijtage onderzocht (hoofdstuk 5) De keuze 
van de factoren werd in een open benadering gedaan, wetende dat erosieve 
gebitsslijtage een combinatie is van erosie, abrasie en attntie Daarom varieerden 
de factoren van voedingsfactoren tot meer mechanische factoren Niet alleen 
zuren uit voedsel en dranken werden beschouwd, maar ook voedingsproducten 
die een soort van leefstijl of speciaal voedingsgedrag vertegenwoordigen Naast 
de klinische beoordeling van erosieve gebitsslijtage bij de beginmetmg, na 1,5 
jaar en 3 jaar, werd er ook informatie verzameld over ongestimuleerd speeksel 
volume en pH, maximale bijtkracht, aanwezigheid van hoektandgeleidmg en 
frontcontact, orthodontische behandeling met of zonder headgear en de 
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aanwezigheid van tandplaque. Met voedselfrequentie vragenlijsten, die elke 6 
maanden door de kinderen werden ingevuld, werd informatie verkregen over de 
consumptie van bepaalde voedselproducten en dranken die de dag ervoor 
geconsumeerd waren, drinkmethode bij inname van limonade, vruchtensap of 
koolzuurhoudende frisdrank (bruisen, direct doorslikken, gebruik rietje), 
poetsgedrag (poetsfrequentie, gebruik harde tandenborstel) en tandenknarsen. 
De lijst van potentiële risicofactoren voor erosieve gebitsslijtage bestond uit 44 
factoren. Om een multivariate logistische regressie uit te kunnen voeren, moest 
de lijst van factoren worden ingekort. Daartoe werden alleen factoren met een 
p-waarde lager dan 10% uit de univariate logistische regressie in de multivariate 
modellen gebruikt. Er werden associaties gevonden tussen de incidentie van 
erosieve gebitsslijtage en alcoholische mix dranken (OR=1,82), zure groenten 
(OR=1,16), tandenknarsen (OR=4,03) en yoghurt producten (OR=0,79). De 
inname van vitamine (OR=2,03), melk (OR=0,89) en yoghurt producten (OR=0,76) 
waren significant geassocieerd met de progressie van erosieve gebitsslijtage. 
Om te testen of er interactie was tussen chemische en mechanische factoren/ 
drinkmethode werden de incidentie en progressie modellen uitgebreid met 
interacties tussen de gecombineerde zuurproducten (koolzuur houdende 
frisdrank, vruchtenlimonade, limonade siroop, energie-/ sportdrank, alcoholische 
mix dranken en zure groenten) en maximale bijtkracht, tandenknarsen, bruisen, 
gebruik rietje, en 'direct doorslikken'. Van alle modellen, verbeterde alleen het 
incidentiemodel met het toevoegen van de interactie zure producten en 
tandenknarsen. Deze interactie gaf een significant verhoogd risico (OR=1,2). 
In dit hoofdstuk wordt geconcludeerd dat de etiologie van erosieve gebitsslijtage 
in deze populatie van Nederlandse adolescenten complex is. Mogelijke erosieve 
componenten zijn meer dan alleen zure (fris)dranken. Factoren zoals tanden-
knarsen spelen een grotere rol dan voorheen werd verwacht. 
In hoofdstuk 3 werden verschillen in associatie gevonden tussen incidentie en 
achtergrondvariabelen, geslacht en SES, en tussen de incidentie van erosieve 
gebitsslijtage in eerste ondermolaren en bovenincisieven. Dit zou kunnen 
betekenen dat er een verschil in etiologie bestaat tussen erosieve gebitsslijtage 
in eerste ondermolaren en bovenincisieven. De studie in hoofdstuk 6 onderzoekt 
of er een verschil is in associatie tussen de potentiële risicofactoren uit de verkorte 
lijst van hoofdstuk 5 en de incidentie van erosieve gebitsslijtage tussen de eerste 
ondermolaren en bovenincisieven. De resultaten van de multivariate logistische 
regressie laten significanties zien tussen de incidentie van erosieve gebitsslijtage 
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in eerste ondermolaren en alcoholische mix dranken (OR=1,45), tandenknarsen 
(OR=4,00), melk (OR=0,96) en yoghurt producten (OR=0,84) De mcidentie van 
erosieve gebitsslijtage in eerste ondermolaren was m meisjes significant lager 
dan m jongens (OR=0,51) De volgende factoren werden geassocieerd met de 
mcidentie van erosieve gebitsslijtage in bovenmcisieven koolzuurhoudende 
frisdrank (OR=1,04), tandenknarsen (OR=2,93), melk (OR=0,95) en yoghurt 
producten (OR=0,88) Om te bestuderen of de factoren gerelateerd aan de 
mcidentie van erosieve gebitsslijtage in bovenmcisieven werkelijk verschillen met 
die factoren die gerelateerd zijn aan de mcidentie m eerste ondermolaren, werden 
de odds ratio's en de 95% betrouwbaarheidsintervallen van de geanalyseerde 
factoren met elkaar vergeleken Met uitzondering van de factor frontcontact 
werd er geen statistisch verschil gezien tussen de mcidentie modellen Op basis 
van deze resultaten werd geconcludeerd dat m de onderzochte populatie de 
etiologie van erosieve gebitsslijtage m eerste ondermolaren gelijk is aan die in 
bovenmcisieven 
Het laatste hoofdstuk, hoofdstuk 7, bediscussieert de resultaten, de sterke en 
zwakke kanten van de uitgevoerde studies De resultaten van de verschillende 
studies worden met elkaar m verband gebracht en de significantie en impact 
van de thesis worden beschouwd Verder, worden er conclusies getrokken en 
aanbevelingen voor verder onderzoek gedaan 
Op basis van dit proefschrift concluderen we dat 
m onze populatie van jonge adolescenten vooral initiële vormen van erosieve 
gebitsslijtage aanwezig waren en dat m een relatief korte tijd een toename van 
nieuwe en meer uitgesproken erosieve laesies werd gevonden En dat in de loop 
van de studie, een deel van de populatie vrij bleef van erosieve gebitsslijtage 
- de prevalentie en progressie van erosieve gebitsslijtage was hoger bij jongens 
dan bij meisjes Kinderen met een lage sociaal economisch achtergrond, 
wanneer deze met kinderen uit midden en hoog milieu werden vergeleken, 
hadden een hoger prevalentie en progressie Met de leeftijd, werd er een 
significante daling van de mcidentie gezien De progressie veranderde met 
met de leeftijd 
erosieve gebitsslijtage kwam voornamelijk voor op de occlusale vlakken van 
de eerste ondermolaren en de palatmale vlakken van het bovenfront In de 
eerste molaren waren de knobbeltoppen, vooral de mesiobuccale knobbeltop, 
vaker geërodeerd dan de knobbelhellmgen 
vanuit gezondheidsperspectief veranderde de inname van dranken, fruit en 
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zuivelproducten negatief. 
de etiologie van erosieve gebitsslijtage in deze populatie van Nederlandse 
adolescenten complex is. Mogelijke erosieve componenten zijn meer dan 
alleen zure (fris)dranken. Factoren zoals tandenknarsen en de consumptie 
van melk en yoghurt producten spelen een grotere rol dan voorheen werd 
verwacht. De interactie van zure producten en tandenknarsen gaf een 
significante verhoogd risico. 
met uitzondering van frontcontact, dezelfde factoren een rol spelen in de 
incidentie van erosieve slijtage in bovenincisieven en in eerste ondermolaren. 
Verder onderzoek is nodig om de ware risicofactoren, die achter de invloed van 
geslacht op de progressie van erosieve slijtage van ondermolaren schuilgaan, te 
achterhalen. Meer onderzoek is ook noodzakelijk om het werkingsmechanisme 
van melk en yoghurt producten op de incidentie en progressie van erosieve 
gebitsslijtage op te helderen 
Met dit proefschrift hebben wij een tipje van de sluier betreffende de etiologie van 
erosieve gebitsslijtage kunnen oplichten. Maar voor een compleet beeld, zijn er 
vele klinische (epidemiologische) studies met verschillende populaties, kijkend 
naar vele factoren, nodig. 
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Stellingen behorende bij het proefschrift: 
DEVELOPMENT & AETIOLOGY 
OF EROSIVE TOOTH WEAR 
IN ADOLESCENTS 
1. Gezien het feit dat erosieve gebitsslijtage in de permanente dentitie van de jeugd 
zich voornamelijk manifesteert in het bovenfront en de eerste molaren, is een 
partieel scoringssysteem gerechtvaardigd, (dit proefschrift) 
2. Bij de jeugd met erosieve gebitsslijtage zijn de vormen weliswaar initieel, maar de 
slijtage vertoont in een relatief korte periode progressie, (dit proefschrift) 
3. Erosieve gebitsslijtage is het resultaat van meer dan louter chemische processen. 
(dit proefschrift) 
4. De consumptie van melk- en yoghurtproducten vermindert de kans op het ontstaan 
en voortschrijden van erosieve gebitsslijtage. (dit proefschrift) 
5. Om inzicht te krijgen in het gehele proces van erosieve gebitsslijtage zijn vele 
klinische studies, bij vele populaties, kijkend naar vele factoren, nodig. 
(dit proefschrift) 
6. Er zijn geen aanwijzingen dat de factoren die een rol spelen bij erosieve 
gebitsslijtage in bovenincisieven, verschillen van die in eerste ondermolaren. 
(dit proefschrift) 
7. Maktab: Alles in het leven is voorbestemd, maar dat maakt haar niet minder 
interessant om te leven. Ook een goed boek blijft boeiend ondanks de wetenschap 
dat de laatste pagina's al geschreven zijn voor men begint met lezen. 
8. The difficulty lies not so much in developing new ideas as in escaping from old 
ones. (John Maynard Keynes) 
9. Voor vrouwen is de partnerkeuze meer bepalend voor het verloop van hun carrière, 
dan het al of niet krijgen van kinderen. (S.A.E.B Boroffka) 
10. Weinig wetenschap verwijdert van God, veel wetenschap brengt tot Hem terug." 
(Francis Bacon) 
11. De toename van de intellectuele capaciteit van een vrouw tijdens de zwangerschap 
biedt een uitgelezen kans om te promoveren. (The Observer, 15 januari 2006) 

